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until 1856, when the name was changed to the “Philosophical 
Society of New South Wales”; in 1866, by the sanction of Her 
Most Gracious Majesty Queen Victoria, it assumed its present 
title, and was incorporated by Act of the Parliament of New 
South Wales in 1881. 
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a condition ready for printing. All physico-chemical symbols 
and mathematical formulae should be so clearly written that the 
compositor should find no difficulty in reading the manuscript. 
Sectional headings and tabular matter should not be underlined. 
Pen-illustrations accompanying papers should be made with 
black Indian ink upon smooth white Bristol board. Lettering 
and numbers should be such that, when the illustration or graph 
is reduced to inches in width, the lettering will be quite 
legible. On graphs and text figures any lettering may be lightly 
inserted in pencil Photomicrographs should be rectangular 
rather than circular, to obviate too great a reduction. The size 
of a full page plate in the Journal is 4 x 6| inches, and the 
general reduction of illustrations to this limit should be considered 
by authors. When drawings, etc., are submitted in a state 
unsuitable for reproduction, the cost of the preparation of such 
drawings for the process-block maker must be borne by the 
author. The cost of colouring plates or maps must also be borne 
by the author. 
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stieet, South Varra, Vutoiia. 

Smith, Grafton Elliott, m a , m d , > r s . p ii c j , Pi oft ^<^01 ot 
Anatomy in the University (’olleg'e, Lunddi 
Thomson, Su J J , o m , nst j< r s , Nobel Laureate, Ma4er 
of Trinity Oolb Uambridj^e, Enfjlard 
Threlfall, Sii Kidiaid, f b k , m a , j as, lately Professor of 
Physics 111 the Univeisity ot Sjdnej, ‘Onkhm-^t Ulumh 
Koadi EdjrbaHton, Biimin«<han), England 
Wilson, James 'r , m b ,ci m Kdia , * r s , Professor of Anatomy 
in the University ot Oambiid^;e, England 31 Gi inge 
Road, Oanihridge, England 
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Oidinary Meviheis. 

Llvited. 

1922 Grant, Robert 

1877 Hamlet. William Mogford 

1914 Reid, David 

1919 Stroud, Sydney Harm tt 



XXll. 


AWAKDS OF THE CLARKE MEDAL. 

Establishod in memory of 

The Kevd. WILLIAM BRANWHITE CLARKE, m.a., f.r.s., F.a.s., etc. 
Vv'e^ President from 1866 to 1878. 

To be a’w arded from time to time for meritorious contributions to the 
Oeolojfy, Mineralogy, or Natural History of Australia. The prefix * 
indicrttes the decease of the recipient. 

Awardetl 

1878 *Frofe88or 8ir Richard Owen, k.c.b., f.r.s. 

1870 *(-ieorge Bentham, c.m.g., f.r.s. 

1880 *Profes.sor Thos. Huxley, f.r.s. 

1881 *Professor F. M’Ooy, f.r.s., f.g.s. 

1882 *Profes8or James Dwight Dana, ll.d. 

1883 •Baron Ferdinand von Mueller, k.c.m.g , m.d., fii i>., f.r.s., f.l.s. 

1884 •.Alfred R. C. Selwyn, ll.d., f.r.s., f.g.s. 

1885 •Sir Joseph Dalton Hooker, o.m., g.c.8.i.,c.b., m.d.,d.c.l., ll.d.,f.r.8. 

1886 •Professor L. O. De Koninck, m.d. 

1887 *Sir James Hector, k.c.m.o., m.d , f.r.s. 

1888 •Rev. Julian E. Tenison-Woods, p.a.s., f.l.s. 

1889 •Robert Lewis John Ellery, f.r.s., f.r.a.s. 

1890 •George Bennett, m.d,, f.k.c.s. Mng., f.l.s., f.z.s. 

1891 •Captain Frederick Wollaston Hutton, f.r.s., f.g.s. 

1892 *SirWilliam Turner Thiselton Dyer, k.c.m.g.,c.i.e., m.a., ll.d., So. d,, 

F.B.8., f.l.s. 

1893 •Professor Ralph Tate, F.L.8., f.g.s. 

1896 *Robert Logan Jack, ll.d., f.g.s., f.r.g.s. 

1896 •Robert Etheridge, Jnr. 

1896 •The Hon. Augustus Charles Gregory, c.m.g., f.r.g.s. 

1900 •Sir John Murray, k.c.b., ll.d., So. d., f.r.s. 

1901 •Edward John Eyre. 

1902 *F. Manson Bailey, c.m.g.. f.l.s. 

1908 •Alfred William Howitt, d.bc.. f.g.s. 

1907 Walter Howchin, f.g.s., University of Adelaide. 

1909 Dr. Walter E. Roth, b.a., Pomeroon River, British Guiana, South 

America. 

1912 •W. H. Twelvetrees, f.g s. 

1914 A. Smith Woodward, ll.d., f.r.s.. Keeper of Geology, British 

Museum (Natural History) London. 

1915 *Profe8sor W^. A. Haswell, m.a., d.So., f.r.s. 

1917 Professor Sir Edgeworth David, k.b.e., c.m.g., d.s.o., b.a., d.So., 

f.r.s., f.g 8., The University, Sydney. 

1918 Leonard Rodway, c m.g.. Honorary Government Botanist, Hobart, 

Tasmania. 

1920 •Joseph Edmund Came, f.g.8. 

1921 * Joseph James Fletcher, m.a., b.Sc., 

1922 Richard Thomas Baker, The Crescent, Cheltenham. 

1923 •Sir W. Baldwin Spencer, k.c.m.g., m.a., d.8c.. f.r.s 

1924 •Joseph Henry Maiden, i.s.o., f.r.8., f.l.s., j.p. 

1925 *CharleB Hedley, f.l.s. 

1927 Andrew Gibb Maitland, f.g.s., ** Bon Accord, 28 Melville Ter- 
race, South Perth, W.A. 

19JK Ernest C. Ardrews, B a., fg.s., Government Geologist, Depart- 
cf Mines Sydney. 

1929 Ernest Williiigton Skeats, D.sc.. a.b.c.s., f.g.s.. University of 

Melbourne, Carlton, Victoria. 

1930 L. Keith Ward, b.a., b r., d.pc.. Government Geologist, Geological 

Survey Office, Adelaide 

1931 Robin John Tilly ard, m.a., d.sc., f.r.s., f.l.3., f.e.s.. Chief Com- 

monwealth Entomologist, Canberra, F.C T. 
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AWAEDS OF THE SOCIETY’S MEDAL AND MONEY PBIZE. 
Money Priee of £26, 

Awarded# 

1882 John Fraser, b. a., West Maitland, for paper entitled ' The Aborigines 
of New South Wales.' 

1882 Andrew Ross, m.d., Molong, for paper entitled * Influence of the 
Australian climate and pastures upon the growth of wool.' 

The 8ociety*8 Bronte Medal and £26, 

1884 W. E. Abbott, Wingen, for paper entitled * Water supply in the 
Interior of New South Wales.' 

1880 S. H. Cox, F.a.s., f.c.s., Sydney, for paper entitled ‘ The Tin deposits 
of New South Wales.' 

1887 Jonathan Seaver, p.o.s., Sydney, for paper entitled • Origin and 

mode of occurrence of gold-bearing veins and of the associated 
Minerals.' 

1888 Rev. J. E. Tenison- Woods, f.g.s., f.l.s., Sydney, for paper entitled 

‘The Anatomy and Life-history of Mollusca peculiar to 
Australia.' 

1889 Thomas Whitelegge, f.b.m.s., Sydney, for paper entitled * List of 

the Marine and Fresh-water Invertebrate Fauna of Port 
Jackson and Neighbourhood.' 

1889 Rev. John Mathew, m.a., Coburg, Victoria, for paper entitled 
* The Australian Aborigines.' 

1891 Rev. J. Milne Curran, f.o.s., Sydney, for paper entitled ‘ The Micro- 

scopic Structure of Australian Rocks.' 

1892 Alexander G. Hamilton, Public School, Mount Kembla, for paper 

entitled ‘ The effect which settlement in Australia has pro- 
duced upon Indigenous Vegetation.’ 

1894 J. V. De Coque, Sydney, for paper entitled the ‘ Timbers of New 
South Wales.' 

1894 R. H. Mathews, l.r., Parramatta, for paper entitled ‘ The Abori- 
ginal Rock Carvings and Paintings in New South Wales.' 
1896 C. J. Martin, d.bo , m.b., f.b.s., Sydney, for paper entitled ‘The 
physiological action of the venom of the Australian black 
snake (Pseudechie porphyriacutj ,* 

1896 Rev. J. Milne Curran, Sydney, for paper entitled ' The occurrence 
of Precious Stones in New South Wales, with a description of 
the Deposits in which they are found.' 


AWARDS OF THE WALTER BURFITT PRIZE. 

MONEY AND MEDAL. 

Money Prite of £50, 

Established as the result of a generous gift to the Society by Dr. W. F. 
Burfxtt, B.A., M.B., Ch.M., B.So., of Sydney. Awarded at intervals of 
three years to the worker in pure and applied science, resident in Australia 
or New Zealand, whose papers and other contributions published during the 
past three years are deemed of the highest soientifio merit, account being 
taken only of investigations described for the first time, and carried out by 
the author mainly in these Dominions. 


Awarded 

1929 Norman Daw8on«Royle, v.d., cbVtf 185 Macquarie-8t.| Sydney. 





PRESIDENTIAL ADDRESS 

By Professor 0. U. Vonwiller, B.Sc., F.Inst.P. 


{Delivered to the Royal Soiiety of Nezv South Wales, May 6, 1931.} 


Part 1. 

It is fitting tliat 1 should conimenoe my address with a 
reference to three noteworthy features of to-night meet- 
ing; it is the first meeting of the Royal Society in its new 
home, it is the five hundredth general meeting of the* 
Society, and it marks the commen(*ement of the seven ty- 
tifth year of its existence as the Royal Society of New 
South Wales. 

The scientific community of this state is to be eon- 
Liratulated in acquiring Science House, a single buikling 
in AN Inch we hojie that soon nearly all the societies 
( oncerned Avith science and its applications will have their 
headquarters. The mutual advantages of the increased 
facilities for co-operation and consultation are obvious, and 
AA'e may look confidently for increased interest and efficiency 
in our aawIc, and added achievement and usefulness. I 
take this opportunity of expressing on behalf of our 
members grateful appreciation of the efforts of all those 
who have contributed towards the establishment of Science 
House. 

The history of this movement starts at the annual 
meeting of the Royal Society of New South Wales on 7th 
]\Iay, 1890, when the retiring President, Professor 
A. L. Liversidge, in the Anniversary Address, said that it 
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had lonj» boon his desire to see the Society i)rovided with 
more suitabh* aeeommodation. In fact, that what was 
wanted was a modest edition of Burlington House, 
Piccadilly, which had been built by the Imperial Govern* 
ment to lodge learned societies. He believed that if the 
building were carried out even as a commercial undertaking 
it would ])rove a very useful investment. 

In 1895 vacant laud adjoining the Society’s house was 
purchased. Professors Liversidgc and David acting for the 
Society, and additions to the House were completed tin* 
following year. 

In 1905 the matter of providing a home for the various 
scientific societies was again discussed and referred to a 
committee which included Professor Liversidge and Messrs. 
T. H. Houghton, G. H. Kiiibbs, and J. II. Maiden. As a 
result of their labours the House was enlarged, and the 
Engineering Association of N.S.W. and the Institute of 
Architects rented rooms in it, being followed shortly after 
by the Institution of Surveyors and the Dental Association 
of N.S.W. 

The question of new premises was raised in 1914, when 
negotiations were entered for the purchase of a site and 
plans for a commodious building were prepared by Messrs. 
Ross and Rowe. No definite steps were taken during the 
war, but in the years that followed the matter of enlarging 
the Society’s House and of erecting a new building were 
frequently discussed and proposals connected with it were 
brought before the Society by Mr. T. IT. Houghton in 1918 
and by Mr. A. B. Hector in 1919. 

In 1920 Mr. H. C. Kent was appointed Honorary 
Architect and he prepared plans for extensions to the 
Royal Society’s House, which were carried out in part in 
1922, when a number of other societies became tenants. 
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Among tliose who urged strongly the building of a 
Seienc'e House at about this time was His Exeelleney the 
Governor of New South Wal(‘s, Sir AValler Davidson. 

Following tile appointment of a committee of tlie Royal 
Society to report on the (piestion of rebuilding, an 
invitation was sent in June, 1!)25, to the Linnoan Society 
•of Now South Wales to appoint representatives to a joint 
committee, and in November, J925, otlnu* societies were 
approached to ascertain which would give* financidl 
.iissistance in tin* movement. An a result th(‘re was formed 
an Executive Committee of representatives of the Royal 
Society, tlie rnnnean Society, and the Institution of 
Engineers of Australia, consisting of Mr. R. II. (himbagc, 
Drs. 11. G. Cha])man, A. R. Walkom, G. A. AVaterhouse, 
Sir George Julius, and Mr. W. J. Newbigin. This 
committee aiijiroached the Government in March, 11)2(), 
with a view to asking assistance in the shape of a site for 
the erection of Science House. After lengthy negotiatior 
and inspection of many sites a letter was received from 
the Premier (Hon, J. T. Lang) on 28th July, 1927, stating 
that the land on wliich Science House has now been en^'led 
would be granted. Tliis action was (mdorsed by the 
succeeding Government and the Science* House (Grant) 
Act was passed on 16tli June, 1928. Valuable assistance 
was given at this stage by Mr. C. W. Tye. 

In the meantiim* the Society’s house, 5 Elizabeth Street, 
was sold (October, 1927). 

With the aid of the Institute of Architects, in 1928, 
•arrangements were made for an architectural competition, 
the adjudicators being Messrs. Oakeshott, Joseland, and 
Berry. Their awards were: First prize, Messrs. Peddle, 
Thorp and Walker; second prize, Mr. Tj. (\ McCredie; 
“third prize, Mr. John Crust. 
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Some delay occurred owin" to difficulty in obtaining^ 
agreement to the form of deed of grant of the land, but 
after many conferences with the Crown Solicitors the deed 
of grant was executed and the land made available in 
Sej)tember, 1929. Tenders were called for the building of 
Science House, that of Mr. John Grant being accepted in 
D(‘cember, 1929, an agreement in respect to partnersliip 
in the building between the Eoyal Society, the Linnean 
Society and the Institution of Engineers being signed in 
the same month. The land was handed over on 7th March, 
1930, and the building commenced under the supervision 
of Mr. S. G. Thorp. 

On 24th June, 1930, the foundation stone was laid by 
Ilis Excellency Sir Philip Game, and to-morrow (7th May, 
1931) llis Excellency has consented to declare the building 
open. 

That the Royal Society was able to take the share it has 
in the financial responsibility of the undertaking is due 
to the excellent management of its affairs, esi>ecially in 
recent years, in this connection wc are particularly 
indebted to our Honorary Treasurer, Dr. 11. G. Chapman, 
for the extraordinarily able way in which he has conducted 
the financial side of our Society. We are indebted to him, 
too, for the effective part he took in the negotiations before 
and after the granting of the site. 

The partnership between the three societies made the 
und(*rtaking ])ossible, because of the greatly increased 
i’esour(‘es, but at the same time it introduced many great 
difficulties because of the different points of view on many 
vital ([uestions. That these difficulties were overcome is 
du(‘ to the determination to achieve their objective on the 
I)art of the committee of management appointed by the 
three societies to co-oi)erate with architect and builder 
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during the erection of the House and to conduct it when 
erected. Our gratitude is due to the members of that 
committee and especially to tlie representatives of tliis 
Society, Dr. II. (1. Cliapmaii and Mr. (\ A. Sussmilch, who, 
in addition to acting on that committee, liave been 
responsible for the work of installing the Society in its new 
home early this year. 

For the efforts of tliose mentioned and of many others 
W(» owe our tlianks. It is for us and our suc(‘essors to 
justify those efforts by making the iloyal Society of New 
South Wales worthy of its name, its history and its home. 

That we can celebrate our five hundredth meeting and 
our seventy-fifth birthday is evidence that the Society has 
been of value to the community; otherwise it could not 
have lived so long. During its long life, the Society, which 
under other names has existed for a period much greater 
than seventy-five years, has enjoyed varying fortunes; 
to-day, in common with the rest of the country, it is 
*ex])(Tiencing difficulties of an abnormal kind. While we 
may hope that the advantages of our neu situation will 
comiiensate some of these, 1 feel that tlie lime has come 
wdien we must review our position in Aiew of altered 
conditions, and, if necessary, make changes, i)erhaps radical 
changes, in our iiu^thods, if we are to maintain our position 
and extend our influence and usefulness. 

Thirty-six years ago, during a year of bad times, our 
membership fell from 445 to 420. During the past year 
it has fallen from 321 to 807. When we consider the 
•change in the population of New South Wales during this 
period, a bad state of affairs is suggested, though I wish 
Rt once to point out that the figures do not necessarily 
indicate a falling off in the interest in science or in the 
<iuality of the work done by our Society. During the 
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last jreneration there have been formed many new 
seieiitifie societies of varyinp: decrees of importance, and 
mostly of highly specialised interests; one inevitable result 
is a fall ill our membersliip, especially in times like these. 

It is, 1 think, a matter of tlie greatest importance tliat 
we should take steps to maintain and to improve the 
])osition our Society liolds, not for the sentimental reasons 
which are real enough among the older among us, but 
because it is very necessary that, besides the various 
specialised bodies, there sliould be one like ours where 
workers of all branches may meet, may know one another,, 
and learn of the work of one another. 

The library of the Royal Society, now adequately 
displayed for the first time, gives one good reason for- 
making a special effort to improve the position of the 
Society. It is one of the best scientific libraries in 
Australia, and is available to all qualified to use it, whether 
members are not. Its growth depends largely on exchanges, 
with oth(»r institutions, and our success in establishing 
these must depend on the value and variety of the papers 
in our proceedings, while, of course, our ability to purchase- 
new works is limited with our income. 

A further reason for the existence of a truly representa- 
tive and authoritative society is that it may well form a 
channel through which scientific workers may offer their 
assistance to the state and through which the state may 
ask such assistance. At present, from time to timo 
individuals among us are asked for help in connection with 
sp(*cial ])roblems, but the possibilities of such help are not 
realised as much as they might be. A Royal Society such 
as one would like this to be might do much in showing the- 
people and their representatives the possibililic^s, and the 
limitations, of scientific endeavour. 



PRESIDENTIAL ADDRESS. 


i 


That we cannot do all this at present is due partly to 
our lack of numerical strength, but mainly because certain 
sections of science are not represented adequately among 
our members. 1 feel that we must take steps to add to 
our numbers many who are now unable to join us either 
because we exclude them or because of financial 
considerations. This means constitutional changes not 
lightly to be made and a further development of our 
existing machinery for promoting sections specialising in 
various branches. 

The clianges 1 have indicated must be made only after 
long consideration. That is one reason why no definite 
steps were taken last year; another is that the financial 
uncertainty accompanying the changed condition of the 
Society rendered it unwise to take any step likely to cause 
financial embarrassment even of a temporary nature. 

These matters will, I trust, receive further consideration, 
and I hope tliat it will soon be i)Ossible to invite applications 
for nienibership, if not full, at least associate, from all 
wiili good scientific qualifications, with a subscription rate 
whicli will be within the reach of the junior and poorly-paid 
scientific w'orker. 

For tlie suggestions made here I alone am res])onsible ; 
tliough some of my views have been mentioned to members 
of the C'oiincil, that body has not been invited to discuss 
them and has not yet been asked to ex])ress an opinion 
on them. 

The Annual Report sliows that, in spite of adverse 
conditions, the meetings of the Society maintained the 
standard of past years in the quality and number of papers 
submitted, and in the attendance of members. Measures 
taken during the year to make the monthly meetings of 
grimier general interest to members have had encouraging 
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results, and it is hoped that, guided by last year’s 
experience, further improvement will take place in the 
coming year. 

I record with pleasure that Mr. B. C. Andrews has been 
awarded the Lyell Medal by the London Geological 
Society. 

Tile Maiden Memorial Pavilion was opened on 20th May, 
1930, by ITis Excellency Sir William Cullen, Lieutenant- 
Governor of New South Wales. 

This year, the first Liversidge Memorial Lecture under 
the auspices of this Society will be delivered. 


OBITUARY. 

Charles Chilton, M.A., D.Sc., M.B., Ch.M., was born in 
England in 1860 and was taken to New Zealand as a 
child. In Canterbury College he studied natural science 
and graduated with honours in zoology. After spending 
fifteen years as a schoolmaster with marked success, he 
left New Zealand and entered as a medical student at 
Edinburgh, where he had a distinguished course, followed 
by post-graduate work on diseases of the eye in England 
and the Continent. Returning to New Zealand, he 
practised in Christchurch as an ophthalmic surgeon, hut 
at the same time devoted all his spare time to Zoology, 
l>ublishing a scries of important papers on the Crustacea, 
When Professor Dendy went to King’s College, London, 
Dr. Chilton, who was acting professor in his absence, was 
appointed to the chair of biology at Christchurch. 

He made a mark both as teacher and research worker, 
and also as administrator. Most of his published papers 
refer to the Crustacea, in which group he specialised. He 
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gave a good deal of attention to the fauna of subterranean 
waters and pifblished a valuable memoir on the subter- 
ranean Crustacea of New Zealand. In 1907 he took part 
in an expedition to the sub-Antarctic islands of New 
Zealand, and afterwards edited the volumes recording the 
scientific results. He was responsible for the establishment 
of the mountain biological station at Cass for tlie investi- 
gation of New Zealand alpine fauna and flora. 

Professor Chilton, who was elected an honorary member 
of the Royal Society of New South Wales in 1918, became 
rector of Canterbury College in 1921, which position he 
held until 1927, when ill-health forced him to resign. He 
died on 25th October, 1929. 

Sir William Turner Thistleton-D\er, K.C.M.G C.I.E., 
M.A., LL.D., Sc.D., F.R.S., was born in London in 1842. In 
1861 he entered King’s College with a view to qualifying in 
M(»dicine, but before eom])leting his course, entered at 
‘Christchurch, Oxford, and graduated there in mathematics. 
At Oxford he became a keen student of botany, and, after 
leaving, occupied chairs in natural history and botany in 
quick succession at Cirencester, Dublin, and London. In 
London he came into touch with Sir James Hooker, 
Director at Kew, Avho had him ap])ointed Assistant Director 
in 1875. At this period, with Huxley at the II 0373 I College 
•of Science, Thistle ton-Dyer developed practical courses in 
botany— then for the first time a laboratory subject — his 
work being practically the starting-iioint of the modern 
scientific treatment of botany in Great Britain. 

At Kew he realised the possibilities of the imperial 
function of the institution and kept the various botanical 
establishments of the Empire in close touch with it, 
stimulating everywhere botanical exploration and collee- 
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tion and the exchange and cultivation of useful plants. 
In 1885 he succeeded Hooker in the directorship, occupying 
this position until he retired in 1905. lie was elected an 
honorary member of the Royal Society of New South Wales 
in 1900. After his retirement he devoted himself to the 
pursuit of classical studies and wrote several critical papers 
on the subject of plant names in the classics, lie died on 
28th December, 1928. 

Joseph Eldred Bishop was born in Victoria in 1864 
and came to Sydney as a newspaper representative in 1892. 
Ijater he became, in succession, secretary, manager and 
proprietor of West’s Wheel Works and occupied a 
prominent place in a number of business associations and 
in various local movements. Elected a member of the 
Roj^al Society of New South Wales in 1920, he was a 
regular attendant at meetings, and in 1921 became 
chairman of the Industrial Section. He was actively 
interested in social, economic and political questions, and 
w^as a contributor to the Economics Section of the Austra- 
lasian Association for the Advancement of Science, being 
also the writer of numerous articles in the press. He was 
a foundation member and Vice-President of the Economic 
Soci(*ty of New South Wales, llis death took place on 
1st May, 19 JO. 

Robert Lioxfj. FAiTHPrnL, L.R.C.P., M.D., New York, 
L.S.A., London, was a member of one of the oldest families 
in the State. Tie was a son of the late William Pitt 
Faithfull and was born on 27th July, 1853. He studied 
Medicine in Sydney and in tlie rnited States. For more 
than tliirty years he practised in Sydney, and during late 
years occupied a prominent place in business affairs, being 
director of a number of im])ortant commercial institutions. 
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A man of quiet disposition, he enjoyed the high respect 
of his colleagues, lie became a member of this Society in 
1887, and though in recent years he seldom attended 
meetings, he retaim^d his interest in its activities. He 
died at Moss V"ale on 8th June, 111 JO. 

Joseph Palmer was born in London in 1841 and came 
to Australia with his parents in 1H5J. After serving as 
clerk to IMr. Josiah ]\[ullens, a shan^broker, for nine years, 
he commenced business on his own ac(*ount in 1872 and was 
one of the first members of the then newly-formed Sydney 
Stock Exchange, of which he was at one time chairman. 
From boyhood he was keenly interested in religious 
matters and was an active worker in connection with the 
New South Wales Bush Missionary Society, the Y.M.C.A.^ 
and the Baptist Churcli. He published several books and 
many ])amphlets on religious questions which received 
considerable attention, lie ^vas elected a member of this* 
Society in 1880 and for a long time took an active intercvst 
ill its proceedings. His death occurred on 7th May, 1930. 

Joseph Thomj»son, M.A., LL.B., was born in Sydney 84 
years ago. He attended the Sydney (Iraiiimar School (his 
name is the first on the list of pupils of that school), and, 
liroceeding to the University of Sydney, graduated there 
as lAI.A. and LL.B. He read witli the late Sir Edmund 
Barton and was admitted as a solicitor in December, 1871. 
lie worked at his ])rofession to within a few days of his 
death, and was one of the oldest solicitors jiractising in 
Sydney. He became a member of this Society in 1913. 
His death occurred on 28th October, 1930. 

Befor(» passing to the second part of my address, T wish 
to make further brief reference to the question of what 
])art the scientist should take in the present state of 
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national and world affairs, and in particular to the 
suggestion, made in more quarters than one, that this is 
no time for investigations in pure science for its own sake, 
but that we should concentrate our efforts on solving the 
acute ])ractical problems of the day. This view is illus- 
trated b}" a cable message appearing in our press at the 
time of the last meetijig of the British Association for the 
Advancement of Science. It was: 

There are no outstanding papers. Indeed, many of the papers 
aeem particularly futile in view of the gravity of the times in 
which men live. The minds of scientists are apparently not con- 
centrated on the larger issues. 

A young Cambridge professor propounded a new theory of 
the atom, which the scientists present confessed they were 
unable to understand. The author declined to put his theory in 
more simple language for fear of being inaccurate. 

— “Sydney Morning Herald/’ 10th September, 1930. 

r would j)oint out that the criticism in this cable is not 
•constructive; it does not indicate clearly what work the 
scientists should do in place of carrying out those 
investigations for which, presumably, they were well 
<iualified. That chemists and physicists should try to 
devise schemes for the economic conduct of the country 
would hardly be i)rofitable; their suggestions would 
probably be nearly as crude and futile as those so freely 
produced in parliament and press these days. In particular 
what should this young Cambridge professor do? Perhaps 
if he devoted himself to industry he might prove a 
brilliant success and invent labour-saving methods, with 
the immediate result of increasing greatly the number of 
uneinploy(Hl ; on the other hand, his achievement in such 
J8L field might well be negligible. 

During the war, men of science proved themselves as 
adaptable and resourceful in invention as they had been 
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ill research. Eminent chemists, mathematicians, physicists, 
geologists, biologists, worked on definite problems, and, 
thanks to their experience and training and to the 
unstinted expenditure on necessary equipment and apjiar- 
atus, they achieved brilliant success in many instances;, 
but to*clay, unless problems are submitted for which the 
scientist’s training specially equips him, and unless the* 
necessary material assistance is provided for the attack 
on those problems, T do not see that he can do better than 
devote liimself to that pursuit of knowledge which is tlie 
lii'(‘ of the true scientist and, incidentally, the foundation 
of all the advances which have benefited mankind in the- 
])ast. Tile only futility 1 can see in the action of the 
Cambridge professor is the verbal delivery of a paiiei* on 
a subject of extraordinary difficulty, understanding of 
which can come only after repeated reading and close study 
of tile printed account. In a year in which centenaries 
connected with Michael Faraday and with Clerk Maxwell 
are celebrated it should be unnecessary to attempt to justify 
tlie pursuit of knowledge for its own saki*. 

AVhil(‘ maintaining that all encouragement should be 
given to luire research, I can quite consistently urge that 
the State should use trained scientists to a greater extent 
in solving the many problems for wdiich their knowledge 
and training equip them; that we should, on the one hand, 
try to let the scientist realise that he can assist in some of 
these, and, on the other, make our men of affairs under- 
stand what the scientist might do, given adequate time and 
material. As I stated earlier, a society such as ours might 
do particularly valuable work in imparting this knowledge 
of what is wanted and of what might be done. 
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Part II. 

A GENERATION OF ELECTRON THEORY. 

Introduction. 

In the second part of my address 1 feel tliat no apolop:y 
is needed for a disenssion of points of purely scientific 
interest. Tlie sel(‘('1ion of subject was suf?p:ested by an 
examination of past presidential addresses in which, for 
one delivered by a physicist, I had to pro back thirty-six 
years to 1st May, 1895, when Professor Threlfall (now 
Sir Richard Tlirelfall) prave tlie anniversary address of 
this society. Tlie perusal of that address reminds one at 
once of the vast increase in knowledge in physics gained 
aince that day, and, at the same time, of the yet more 
remarkable cliaiig:es in the attitude or viewpoint of the 
physicist. In that address a tribute is paid to three 
eminent German physicists who died not long before — 
Helmholtz, Hertz and Kundt. The recollection of the work 
of the.se men, together with the account of contemporary 
pliysical research given in that address, including a 
discus.sion on many investigations on electric oscillations 
and waves following the work of Hertz, reference to the 
beautiful application of wave theory of light to colour 
photography by Tiippman and by Wiener, to much work 
on exact measurement of electrical properties of materials, 
and, as the crowning item, the discovery of argon by the 
late Lord Rayleigh, makes us realise that the curtain had 
not yet risen on what Lord Rutherford calls tlie heroic age 
of physics, the beginning of this generation of tremendous 
and sensational advance of knowledge and ideas. 

The following quotation from that address, referring to 
the discovery of argon, is of interest, the first ))art 
indicating the knowh'dge and attitude of tliat time, while 
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tlie last part shows an appreciation of facts of which we 
mijrht well be reminded to-day: — 

‘*It appears to be a singularly inert gas, (to which property 
it owes its late discovery), heavier than nitrogen, and most 
probably an element, since there is strong evidence that it is 
monatomic. Should this be the case, room will have to be made 
for it in Mendelejeffs* series, — one can only pray that it may 
fit a vacant place and not turn the whole of chemistry upside 
down by refusing to come in under the periodic law. It would 
come in if its atomic weight were twenty, but the discoverers 
think it is forty. However, out of such catastrophes, advances 
are apt to be made, and if we have to mend our periodic law 
we shall probably get something better in its place, perhaps 
some light on the dynamics underlying it. I cannot close this 
brief notice without directing your attention to the magnificent 
triumph which this discovery has obtained for the method of 
enquiry by means of prolonged, laborious, and exact measure- 
ment, as opposed to the method of happy inspiration. Contrary 
to the popular idea, the vast majority of discoveries have been 
made by the methods employed by Lord Rayleigh, of which the 
essence is that no obscurity, however small, is to be passed 
over until it is completely sifted.^’ 

That address, however, was given only just before tlie 
first annonneements of the remarkable discoveries which 
introduced the new era. Within a few months llbntgen 
discovered X-rays; in the following year Becquerel 
published an account of the first observations of radio- 
activity, while already »1. J. Thomson and his students were 
engaged in tlie researches which, during the years imme- 
diately following, gave fundamental facts concerning the 
electron. During the next generation, as all know, we have 
had a succession of remarkable discoveries and an extra- 
ordinary gro\\d:h of knowledge concerning atoms and atomic 
processes. With all the newly-discovered phenomena 
relating to atomic structure, electricity and light, we find 
electrons intimately associated, and all the new hypotheses 
and theories are closely bound with views as to the nature 
and behaviour of electrons, so that, as the last physics 
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address b(‘fore this society was delivered just before the 
discovery of tlie electron, it seemed appropriate that in this 
one, given a generation later, I should review some phases 
of the advances in knowledge and changes in ideas 
following from that discovery. 

Kemarkablo as have been the discoveries made during 
I be last thirty-six years, 1 think that their significance in the 
liistory of physics will depend most of all on the extra- 
ordinary developments in the philosophy of the physicist, 
in the changes which have taken place in our statement of 
the fundamental princiides in terms of which we describe 
the phenomena of nature, and it is to some of those that 
I wish particularly to address myself. 

Thirty-six years ago certain fundamental principles were 
apparently completely and convincingly established. New- 
tonian mechanics. Maxwells theory, and the principle of 
conservation of energy formed a foundation concerning 
which generally there were no doubts. In optics the idea 
of waves in an aether seemed adequately and uniquely to 
meet all the evidence, and Hertz’s experiments had 
confirmed Maxwell’s views as to these light waves being 
electric waves. Additional generalisations such as the 
second law of thermodynamics helped to give a generally 
satisfactory picture. Of course, there were innumerable 
difficulties and perplexities, and the physicists of that day 
were under no illusions as to the approaching completeness 
of their knowledge, but in general it was felt that future 
exi>eriments and discovery would give solutions to these in 
terms of developments of the accepted theories, involving 
no radical changes in underlying ideas. 

The outstanding feature in the philosophy of the 
physicist of that period was, perhaps, the deterministic 
outlook. Generally it was tacitly believed that a sufficiently 
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full kuowledpre of the universe was conceivabie to enable 
a bein" with adequate mathematical skill to predict the 
course of events in the future, and to recall the i)ast. Such 
knowledpjc would involve a statement of tin* ])ositi()n and 
momentum of each particle of matter at a "iven instant,, 
and of the various physical laws describing: the phenomena 
of natur(‘. While it was recognised that we could never 
attain absolute accuracy of measurement, so that the neces- 
sary knowledjre could not lx* obtained, the success which 
the physicist met in Ids constant (*ndeavour to improve liis 
nieasiirin«: devices and his skill in usin^ them, in his 
asi)irations towards the extra place of decimals, which is 
om* of tlie most important factors in the jxrowth of know- 
led^^t*, (‘iicoura^ed the belief that the future would lead to 
(‘ver closer and closer a])proximatiou to absolutely precise 
<let(*rminations, and that with this we should lx* able more 
and more correctly to j>:ive the history, past and future, 
of each body in the universe. 

TIi(* arjyuments of the philosophers wdio made sup:p:estions 
that this w'as fundamentally wroiif?, that there was doubt 
as to the correctness of the accepted principles of the 
physicist, were esoteric; physicists, even the most eminent, 
Generally wmre not in the inner circle wdiich heard and 
understood these. 

With the growth of our knowledge of atomic ])hysics it 
has been necessary from time to time to introduce novel 
general principles, supplementing those hitherto sufficient, 
and later modifying some of these so that they are only 
special cases of greater generalisations, while during recent 
years there have taken place changes of a more profound 
nature, especially in connection with the deterministic view, 
tile significance of which it is difficult to-day to assess, 
though there can be no doubt as to their importance and 
interest to both philosopher and physicist. 

B— May6, 1981. 
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The Beginning of Electron Theory. 

The idea of a fundamental electric charge, an of 

electricity,” is quite old. The atomic theory of Dalton, 
combined with Faraday’s laws of electrolysis, indicates 
clearly the existence of such unit charge, and the name 

electron” was suggested for this hypothetical electric 
atom by Johnston Stoney some years before its isolation. 
The early history is well known ; electrons separated from 
atoms were found in connection with electric discharge in 
jfases, radio-activity, the photo-electric effect, emission from 
incandescent solids, all with the same charge and the same 
mass, while the Zeeman effect was interpreted to mean that 
within atoms there were also electrons of the same nature. 
The assumption that the mass was wholly electrical in 
nature, borne out by the discovery that the mass was not 
constant but depended on the velocity, led to an estimate 
of the actual size of the electron, which, for a long time, 
was visualised as a tiny sphere of negative electricity of 
quite definite size, though there were suggestions of it 
being a disc or a ring. 

There can be no question as to the sensational character of 
the discovery, within a few years, of X-rays, radio-activity 
and the electron. Light was at once thrown on diverse 
phenomena in physics and chemistry, and many facts 
concerned with heat, light, elasticity, electricity, magnetism, 
chemical combination, the periodic law, were reconciled, at 
least qualitatively, with the new electron view^s. At the 
fiame time, while a new world of investigation was opened, 
at first there was no reason to suggest anything funda- 
mentally wrong in the accepted bases of physics; it was 
generally felt that all the new and varied phenomena 
w’ould be found eventually to fit in with the then accepted 
principles, though it is true that there were those who 
insisted that lavs based exclusively on observations on 
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matter on relatively large scale must not be considered 
necessarily to bold when dealing with particles ol* atojiiic 
or sub-atomic dimensions. 

In the theory of relativity, which in its simplest and 
.special form was enunciated early in tliis century, and in 
Planck quantum theory, advanced to reconcile the facts 
of full radiation at al)out the same time, we have the first 
iiuggestions of radical changes in accepted views ; but both 
these theories, especially the latter, did not receive general 
attention when first stated, several years elapsing before 
their significance was realised. One of the earliest applica- 
tions of the theory of relativity was to the (juestion of 
the relation between mass and velocity of an electron; the 
close agreement between prediction and observation was a 
triumph for the theory and at the same time strengtlumed 
the view that the picture formed of the eiectron was 
essentially correct 

Theories of X-rays. 

An interesting jihase in the developm(*nt of our ideas is 
the controversy regarding the nature of X-rays in the 
•early years of this century. Though apparently ended in 
1912, it is, 1 think, worthy of notice in view of recent 
'developmenfs. Practically from the time of tlieir discovery 
the commonly accepted view of X-rays was that they 
were a kind of light of very short wave-length, thougli for 
A long time there was no convincing proof of this. 
Undoubtedly there were difficulties in the wave theory, and 
jSir J. J. Thomson at quite an early stage made what 
appeared a far-fetched and rather unconvincing picture of 
tlie “spotted wave front “ to remove these. This is 
notable because be introduced the idea of the energy 
being localised at certain points on th(‘ wave front 
instead of being distributed continuously as in the then 
accepted view of light waves. 
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Based on a study of the secondary effects produced by 
X-rays, Sir William Bragpr advanced an alternative theory 
which, though put on one side after a fe^v years, attracted 
a lot of attention at the time and is interesting to-day 
because it involved certain ideas greatly resembling- 
those now accepted. This was the neutral pair theory, 
according to which X-rays consisted of a doublet, a negative 
and a positive electron, the latter having a negligible mass. 
Tile iiitiTaction between matter and such a doublet might 
result ill the detachment of the positive, the negative going 
off as a free electron with the same energy as the original 
doublet ; this free electron, meeting matter again, miglit 
pick up a positive, an X-ray similar to the original one 
being so produced. Bragg showed that the various 
phenomena of X-rays, their great penetrating power, 
absence of deflect ion in magnetic and electric fields, polari- 
sation on reflection, secondary effects, all fitted in with 
his theory, at least as well as with the wave theory. It is. 
interesting to see how each experimental fact advanced to 
disprove his theory was shown by him to be consistent with 
it and, in a number of cases, to favour it against the other. 

In 1912 the discovery of diffraction effects of X-rays 
seemed definitely to settle the question; at least it showed 
that X-rays were light rays, and, as is well known, Bragg 
himself developed this line of attack, becoming the 
recognised leader in using interference effects with X-rays, 
as a means of investigating the arrangement of atoms in 
crystals. We have to remember that the generally accepted 
vi(»w of light in 1912 is by no means the same as that of 
the pivsent day, and while Bragg’s hypothesis then seemed 
quite wrong, it actually has important features in common 
wdth thost* of to-day. The idea of the change from one 
form to another, X-ray to electron to X-ray, the energy 
being constant, we accept to-day though we do not admit 
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Ills picture of the X-ray — ^not that we have any picture to 
substitute for it. Of course, one important point uf 
divergence is that on his view the siieed of tlie X-ray is 
less than that of light. A particularly interesting point 
to recall is the admission that there must be a wave 
associated with the formation of the X-ray, there being 
produced together the doublet and an aether wave, the 
latter being of negligible energy. This suggestion of 
duality, corpuscle and wave, is notable when wo cori.sider 
the present-day views. One point in ])artieular we might 
note here, one illustrated time after time, namely, that 
more than one j)ietiire might be made to tit the obser- 
vations; that we can form only one picture consistent 
with all the known facts is no proof that it is correct. This 
is not a new idea ; many years ago Clerk Maxwell pointed 
out that an infinity of hidden mechanisms ('an be imagined, 
all of which Avill produce a given motion of the observable 
parts of a dynamical system; but 1 think that the a])precia- 
tion of this is far more general to-day than even a few 
Vicars ago. One important difference in the attitudes of 
the physicist of to-day and of the past is in the picture 
made of physical processes; to-day such a })icture possesses 
no value except its convenience; it may afford a suitable 
method of stating the laws of some i)hen()m(UJon, simpler 
than or sup])leinenting, mathematical exju’ession, and 
suggesting further develojunents. Often in the past such 
pictures were regarded as very real prescuitments. 

By 1912 Planck’s (piantum hypothesis had gained 
ground, receiving support through its application to the 
question of the variation with temperature of specific heats 
and i^articularly through Einstein showing that the facts 
of jihoto-electrieity were quantitatively consistent with it; 
these facts seemed definitely to show that the energy in 
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waves was localised, not distributed in a continuous: 
manner over the wave surface, and so introduced the 
outstandiiifr difficulty of modern physics, the double nature 
of li^ylit, sometimes ai)parently inevitably undulatory, at 
otliers (‘(inally inevitably corpuscular. At this time there 
was not a j^eneral realisation of the fact tliat the quantum 
theory, applied to X-rays and y-rays, would reconcile the 
various facts of the secondary effects of these radiations, 
otherwise the decision that they were of the same nature as 
li^ht mi"ht have been made earlier. That it was not, is, 
however, not surprising?, because at the time only those 
aspects of X-rays demanding: a corpuscular interpretation 
were prominent ; it was after diffraction effects were noted 
that the same duality and the same difficulties were found 
with both light and X-rays. 

In 1913 the wave theory of X-rays was well established, 
or rather the fact that many phenomena connected with 
X-rays as with light seemed to demand a wave theory, and 
the work of Rutherford on scattering of a particles and 
that of Moseley on characteristic X-rays established the 
nuclear theory of the atom, giving a picture of the counter- 
])art of the electron, the proton, an entity with positive 
charge equal to the negative charge on the electron, a mass 
about 1840 times as great and a radius as many times 
smaller if classical theory could be applied to such cases. 
]\toseley's work, it wdll be remembered, established the 
importance of the atomic number, solving the difficulty of 
the atomic weight of argon being 40 — the ‘‘catastrophe’^ 
of 1895. 

The Bohr Atom. 

In this year came one of the most notable advances, 
Bohr’s theory of the hydrogen atom, giving a picture of 
the atom and a statement of the processes of light emission 
consistent to the highest precision obtainable with the 
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observed facts of the spectrum of atomic hydrogen, a theory 
notable because it introduced new extensions, limitations, 
and qualifications to the classical electro-magnetic theory^ 
namely, the restriction of the electronic orbits, possible on 
the old theory, to these satisfying certain quantum 
conditions, and the assumption that an electron in such 
orbit is non-radiating, whereas on the classical theory it 
must radiate energy. The essential point of this theory, 
of course, is the idea that the emission of light accom- 
panies the transition from one of these ‘‘stationary states^' 
to another, the frequency of the light being proportional 
to the change in energy of the atom in accordance with 
Planck's quantum hypothesis, W = hr. 

The Bolir theory thus introduces new concepts not to 
be expected from classical theory and in fact at variance 
from it, thougli at the same time the picture of the atom 
is based on classical considerations. 

A sjiecially significant feature is the lack of definiteness 
of statement of the behaviour of an individual atom. For 
example, if a hydrogen atom is in a state other than those 
of lowest or second lowest energy, one of a number of 
transitions might occur. To take a special case: if it is 
in a state characterised by principal quantum number 5, 
it might change to any one of states 4, 3, 2, or 1, with the 
emission of the corresponding light quantum. It may be 
possible to determine the relative probabilities of the 
occurrence of these changes so that if we are concerned 
with a large number, — say a million — of such atoms, the 
numbers making each of the four possible changes might 
be j)redieted and therefore the relative intensities of the 
four spectral lines; in other words, we have statistical 
knowledge and can give statistical laws, but concerning the 
individual atom all that can be given is a statement of the 
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various changes possible and their relative probabilities. 
Por any so excited atom these probabilities of making 
spontaneously given changes might be modified by various 
factors as the j)resence of fields of force, of radiation of 
various kinds, but it appears impossible to determine which 
of several possible changes actually is to take place. This 
constitutes an important departure from the deterministic 
view; instead of predicting what will happen, statement 
can be made only of possible hai)penings and of the relative 
probabilities of their occurrence. Of course, it is not 
obvious that this interpretation must be put on Bohr’s 
theory, but the strong suggestion of indetermination is 
interesting, inasmuch as it leaves room for the introduction 
of inliucJices other than those accounted for by the ordinary 
physical laws, call it the law of chance, divine control, or 
w’hat you will. 

Developed brilliantly by Bohr and many others, the 
theory achieved remarkable success, which is now common 
knowledge. The observed facts of the spectra of many 
elements fitted it, n(*w effects such as the multiplicity of 
the hydrogen lines w^ere predicted and verified in striking 
manner. For ten years the theory was accepted as giving 
a picture of atoms essentially correct, that there are 
stationary non-radiating states characterised by definite 
electronic orbits, a spectral line corresponding with the 
transition from one such state to another, the transition 
involving an electron changing from one orbit to another 
or perhaps two or more electrons making such changes 
simultaneously. The X-ray spectra supported the theory 
convincingly, while Bohr showed that the facts of the 
periodic law were well explained with the aid of Pauli's 
princi[)le that no two electrons in an atom can have the 
same set of quantum numbers. 
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The difficulties certainly were great. In the first place, 
while more or less definite pictures were given of tljc 
various stationary states of atoms, it was impossible to 
visualise the process of transition or to see why and Jiow 
it should be accomj)anied by the emission of light of tlie 
frequency indicated by Planck's law. Then, while there 
were many cases of excellent agreement between observa- 
tion and theory, there were noteworthy inconsistencies; to 
reconcile some of the frequency relations between certain 
spectral lines it was necessary to introduce arbitrary 
modifications and corrections to the quantum numbers such 
as the addition or subtraction of 1/2, justified often only 
by their success. It is true that the idea of electron spin 
helped a lot in connection with the Zeeman effect and 
multiplicities of lines in certain optical and X-ray spectra, 
giving in fact remarkable quantitative agreement in many 
cases, but with wider application the Bohr theory had to 
be modified more and more seriously, losing the attraction 
of its original siin])licity in the endeavour to make it me(*t 
the ever-increasing observations. This has been the fate 
of many theories in the past ; at first a sirnple stateimnit is 
adequate, but with attempts to prove its general api)lica- 
tion it lias ever to be made more and more complicated 
until it is so cumbersome that it breaks down. One i-ecalls 
Newton's cor])uscular theory of light, adequate for the 
facts of reflection and refraction; the endeavour to 
reconcile with it what we now call interference effecds 
involved comi)lications such as the introduction of periodi- 
city, giving an air of artificiality which, with the work of 
Young and Fresnel more than one hundred years later, led 
to it being discarded, though to-day we can see in it a 
suggestion of the twofold nature of light which now we 
are compelled to accept. 
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That twofold nature of light was emphasised more than 
ever by Bohr's theory, which gives a picture fitting 
remarkably well one class of light phenomena, those 
involving the corpuscular idea, but a picture impossible 
to reconcile with interference and diffraction effects. It 
is true that his correspondence principle showed certain 
approximations between deductions from the classical and 
the later theory, but this in no way removed the difficulties. 
More and more clearly was it established that, while the 
theory of Bohr gave a remarkably accurate method of 
statement, one consistent with many observational facts and 
valuable as a means of prediction of new knowledge, its 
extended success depended on so many and such artificial 
modifications that it was quite obvious that it was incapable 
of satisfying all demands made on it, that many phenomena 
concerning spectra would not fit the theory. No one was 
more empliatic on this point than Bohr himself, who has 
taken a prominent part in developing the later ideas now 
to be discussed. 

Wave Mechanics. 

Th(* latest stage in our theories commences with 
de Broglie's postulate of electron waves enunciated seven 
years ago. There had already been a number of suggestions 
that the association of an internal frequency with the 
individual electron would remove certain difficulties in the 
interpretation of spectra, and the idea of the spinning 
electron advanced somewhat later was a quantitative 
application of this used with remarkable success in ampli- 
fying the original J^ohr theory. De Broglie, by logical 
develoi)ment of the ideas of Einstein and Planck, showed 
that, associated with an electron (and, in fact, with any 
particle), there should be a frequency proportional to the 
mass and depending on the velocity, and waves of some 
kind, the wave length also depending on mass and velocity* 
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111 tlie ease of electrons with velocities met in ordinary 
observations, the wave lenprths calculated are comparable 
with those of X-rays. On de Broj?lie’s theory the wave is 
a guide or control of the particle; the changes of motion 
of an electron are due to modifications of the wave motion, 
refraction for example, wave mechanics being thus intro- 
duced instead of the Newtonian mechanics. Extended 
mathematically by Sclirbdinger and others, this wave 
tlieory has proved extremely fruitful, producing excellent 
agreement between theory and observation, and in general 
bringing order into the almost chaotic hypotheses of atomic 
behaviour. It introduces many difficulties: the first is the* 
(juestion of the nature of these waves. They are not liglit 
waves; their velocity is greater than that of light, being 
as many times greater than it as the velocity of the particle* 
is less — this being itself a startling view when we recall 
tile impression formed from relativity considerations of 
the impossibility of a velocity equalling, let alone exceeding, 
that of light. Then the mechanism by which such rapidly 
travelling weaves guide slowly-moving particles is not easy 
to visualise. The position is not simplified by the later 
developments of Schriidinger and otliers, indicating that 
generally the waves are not three dimensional but multi- 
dimensional. 

The first difficulty is met by the fact that in a case of 
wave motion in which the w^ave velocity depends on the 
frecpiency, as it does in the de Broglie waves, the velocity 
of transport of energy is the group velocity and not the 
wave velocity. In the case of de Broglie waves the group 
velocity is readily shown to be the velocity of the particle. 
De Broglie visualised the electron, associated with which 
is all the energy, as the centre of a wave group moving 
with it, modifications of the waves causing changes in the 
motion of the electron. 
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This theory does not remove the old difficulty of duality 
in the phenomena of light; instead it extends it, making 
it a general principle. At first this duality was met in 
Jif^ht in the visible and ultra-violet, then it was apparent in 
X-rays and y-rays, and now we have in the electron, and 
presumably in all matter, in addition to the well- 
known corpuscular attributes, wave characteristics, 
though the waves must be essentially d iff event in nature 
from light waves. In the suggestion that the motion 
of matter is really controlled by the waves, that to describe 
it we must formulate the laws of these waves and determine 
their behaviour, in place of the ordinary method of 
Newton’s laws of motion, we have an absolutely novel idea. 
Of course, in the case of particles of ordinary matter the 
waves are extremely short, and it can be shown that here 
the Newtonian laws give correct results; in the case of 
electrons the new theory often gives results very different 
from those of the old theory and, as already stated, more 
consistent with observed facts. 

Applied to the liydrogen atom these new waves fitted 
well witli the stationary states, the orbits of Bohr being 
orbits which satisfied the condition that stationary matter 
waves of wave length appropriate to the electron speed 
in the orbit could be established. For example, in the 
case of circular orbits in which the electron speed is con- 
stant, the orbits must have a length equal to an integral 
number of w^ave lengths; the orbits satisfying this 
^‘resonance” idea are found to agree excellently with those 
calculated by Bohr. 

The most striking evidence is given by the discovery 
tiiat with a stream of electrons diffraction or interference 
e.fects can be obtained resembling those of y-rays. Prac- 
tically all the experiments on reflection and transinis';ion 
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of X-rays with crystals can be repeated witli electrons with 
similar results. A beam of electrons falling on a crystal 
is reflected as a number of beams in various definite 
directions, dependinjjr on the grating constant of the crystal, 
on the angle of incidence and on the s])eed of tlie electrons, 
and the wave lengths indicated by such expcn-iments depend 
on th(' v(docity exactly as the theory demands. This ex- 
periment corresi)onds with those of Bragg with X-rays; 
other exi)eriments on the transmission through thin sheets 
of crystallim* matter give })atterns suggesting those ob- 
tained by Laue with X-rays. Further, just as a ruled 
diffraction grating has been used in X-ray analysis, so it 
has A\ith a stream of electrons. 

Such results as these might well be tak<^‘n as affording 
overwhelming (»vidence of the objective reality of the waves 
and of the correctness of the view that they do guide the 
elecirons. However, we must exer(*ise caution in coming 
to this decision. Here again in the endeavour to make the 
llieory fit in with all the pertinent fat'ts, tlierc has been 
introduced a succession of extensions and modifications of 
tiu* original de Broglie idea, each fresh liy])otliesis in 
turn having to be discarded or further modified. 

At one time the old idea of the electron was abandoned 
altogether; it was thought that it was the wave group and 
not what is equivalent to a point in it, that instead of 
being a tiny particle it had practically infinite extension; 
but the density of charge being measured by the intensity 
of the wave, the effective volume was actually very small, 
but still much greater than that formerly attributed to 
the electron. 

A later idea is that the electron might be as originally 
visualised, but that from the wave function giving the 
wave amplitude at each point of space an estimate is 
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^obtained, not the actual density of charge there 

but the probability of the electron beinp: at that point, 
the chance of tlie electron beinj? in any particular position 
being proportional to the wave intensity there. 

We have in this last idea, which with important 
modifications is widely favoured at present, an extension 
of that notion of indefiniteness already indicated in Bohr's 
first work. We do not picture the electron in a definite 
position, but simply state the i)robability of its being in 
any place, maintaining that it is possible for it to be 
•elsewhere. 

This apparent retrograde step, however, leads to 
progress, one important achievement being the application 
•of like ideas to a particles, the well-known relation between 
stability of radio-active atoms and speed of emission of 
a particles, the Geiger-Niittall law, being in excellent 
accord with the demands of this theory. 

There are many other triumphs of these new theories; 
the later difficulties of the original Bolir theory are 
removed, the facts of the Zeeman effect, the Hainan effect 
are consistent with it, remarkable results such as the 
-existence of two kinds of hydrogen molecule are predicted 
and verified by absolutely independent methods, good 
progress is made in obtaining expressions for the relative 
intensities of lines in spectra, though much remains to be 
•done here both from theoretical and experimental stand- 
point. One interesting application is indicated which may 
prove of great value. Electron diffraction gives a method 
of examining the thin films of gas existing on metal sur- 
faces. Further knowledge of these will undoubtedly 
assist in the solution of many problems in physical chem- 
istry of scientific and economic importance. However, 
instead of discussing these, 1 wish rather to point out 
.some more striking consequences of these latest views. 
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The Uncertainty or Indetermination Principle. 

Perhaps tlie change in our ideas, fundamentally most 
important, is that involved in the principle of uncertainty 
or indetermination enunciated by Heisenberg in 1927, and 
now widely accepted as an inevitable truth. To appreciate 
its significance we must recall the deterministic view of a 
generation ago. Already we have seen that modern theory 
indicates that when we consider atoms and tlieir constitu- 
ents we cannot hoi)e to make definite predictions 
concerning the individual, but that we may try to determine 
a number of possible changes and the relative chances of 
the occurrence of these. We have seen, too, that tin* 
latest work shows often an indefiniteness in tlie statement 
of the position of a particle, that we may be able to sa>, 
not where a particle is, but what is the chance of its being 
at a given point at some j)articular moment. Tlie princi])le 
of indetermination states that both the position and the 
momentum of a particle cannot be determined with 
absolute accuracy, that from the nature of things there 
must be an error or uncertainty in the measurement of 
one or both these quantities, and further, that the product 
of the two amounts of uncertainty cannot be less than a 
definite though small amount, namely, h/2n. The greater 
the precision with which one quantity is measured, the 
greater the inevitable uncertainty in the other. If, for 
example, the position of an electron could be determined 
with absolute certainty, the velocity must be absolutely 
indefinite and vice versa. Many examples and illustrations 
of diverse nature have been given, some more convincing 
and logical than others, and it is shown that the product 
of the inevitable uncertainties is always of the order given 
by this principle. 

We get from tlu' principle a co-relation betAveen the 
electron Avaves and the electron which indicates a matlie- 
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matical and not a physical moaninj? to the waves. If a 
sinpjlc (dectron has a given constant velocity, the de Broglie 
waves iiave a single definite wave length and velocity, and 
the groii]) extends to infinity, the ^‘wave intensity’’ being 
everywhere the same and all positions equally probable for 
the electron. If the de Broglie waves form a limited group 
this must be the resultant of a range of Avave velocities, 
the sliorter the group the greater being the range of 
velocities. But we cannot imagine the electron as having 
more than one total velocity at an instant; the group 
corresponds with the range of velocities possible for the 
eleetron, that is, with the uncertainty with which theoreti- 
cally the statement of its velocity must be associated. The 
greater the uncertainty in the velocity the shorter the 
group and tlierefore the smaller the possible range of 
position. 

In applying this to light we have not to deal with 
electrons, but must postulate entities which we might call 
photons or quanta, possessing energy and momentum; in 
vacuo their velocity is the velocity of light, and, correspond* 
ing with the de Broglie waves, we have what we call light 
waves travelling with the same velocity. The momentum 
of the photon, and the energy, are proportional to the 
frequency of the wave. In the case of a perfectly mono- 
chromatic beam of light the momentum is fixed with 
certainty, but as we are dealing here with an infinite train 
of waves, there is complete uncertainty in the position of 
the photon. If such a beam is limited in length, for 
example, if a beam of mono-chromatic light is admitted 
through an aperture opened only for a limited time, 
classical methods show that the beam is no longer perfectly 
mono-ciiromatic but a complexity is introduced, there being 
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now a ran{<e of frequencies and therefore a range of 
possible values of the momentum of a photon. The shorter 
the beam the greater this range of frequencies and 
momenta, but the smaller the range of position. If the 
photo-electric effect could be observed, with ideal conditions^ 
for such a beam of light the range of velocities of emission 
of electrons would increase as the length of the beam of 
light was reduced. 

If this principle is correct, that we may not aspire even 
to an asymptotic approach to complete exactness, it leads 
to the conclusion that we shall never be able to make a pic- 
ture of tile atom which we can prove to be correct. Before 
its stat(‘m(‘nt we may not have had any great expectation 
of doing this hut we did not think that it was inherently 
impossible. 

Of course, an immediate question arises; if the electron 
waves are mathematical fictions describing our knowledge 
or lack of knowledge concerning the electron velocity, how 
do we account for the diffraction effects which indicate an 
objective reality? If a beam of electrons falls on to a 
crystal surface, the widths of the various reflected beam.s 
give a measure of the range of velocities of the incident 
beam. If only one electron is considered, its path, after 
reflection, lies within a range which depends upon the un- 
certainty with which its velocity is associated, that is, the 
more accurately we can measure the velocity, the smaller 
the possible range of paths. It appears, at first, as though 
the behaviour of the electron is, to some extent, contingent 
on our skill in measurement, but, actually, the range of 
paths depends not on the precision with which we are able 
to measure the electron velocity, but on that with which we 
could do so given infinite skill, that is, on conditions of 
experiment. What we can say is, that certain phenomena 
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are observed with electrons which are consistent with the 
idea of electron waves satisfying definite relations between 
wave length, wave velocity, and electron velocity. We are 
unable to give any other hypothesis equally consistent with 
observations, but this is no proof of the reality of the waves. 
It is always possible that an alternative theory may be ad- 
vanced, discarding, not only the idea of electron waves, 
but, also, the earlier concepts of the electron. The picture 
given on any such theory we must take simply as an ex- 
pedient assisting us to formulate laws of occurrence of 
events. 

Actually, the electron waves are on all fours with light 
waves in the question of objective reality. If we take the 
idea of photons or light quanta as the basis of our picture, 
light waves can be regarded as the guides or controls of 
the energy and momentum-carrying photons ; we have 
similar uncertainty considerations. In each case the wave 
can be regarded as a mathematical device, enabling us to 
describe the behaviour of the “particle.’’ We have a pre- 
judice in favour of the light wave, because, for nearly one 
hundred years it was only the wave phenomena which 
were manifest, the corpuscular aspect of light coming into 
evidence later. With electrons, we had first the corpuscular 
aspect and now, liere too, we have both. 

If we consider the various phenomena of interference 
and diffraction of light, we find that w^e have phe- 
nomena, which Ave can reconcile with the idea of a wave 
motion, with a periodic effect, associated with which are a 
certain frequency and wave length, but, actually, we de- 
duce these results by analogy with waves of other kinds; 
we have no actual knowledge that there is a frequency in- 
volved, all we can say is, that this is a way of accounting 
for the observations. It is true that in the case of electric 
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leaves, which we regard as being light waves of great wave 
length, we have definite evidence of a frequency; we can 
with our eyes see periodic variations in illumination ac> 
companying the production and reception of these waves, 
And we might interpret this as showing the objective reality 
•of these long waves, and, therefore, of the shorter light 
waves. There can be i^ointed out a possible difference in 
the nature of the producing and receiving apparatus of 
the two classes of waves; in the case of light waves the^(3 
are single atoms or molecules, but with electric waves bodies 
of relatively large size, composed of enormous numbers of 
atoms. Further, arise questions of the evidence of our 
‘‘senses,’’ sight, hearing, touch, etc., as a criterion of ob- 
jective reality, but this is ground which the physicist has 
succeeded, generally, in avoiding. 

(V)N(’LrsION AND SUMMAKV 

The outstanding points in recent developments are (1) 
that our physical laws do not enable us to predict precisely 
wdiat will ha})pen under specified conditions, but only to 
d^^termine the relative probabilities of a number of possibh' 
events, and (2) tliat there is a limit to the precision with 
which the state of a particle can be described so that we 
'Shall never prove tliat any picture we make of an atom and 
its ])rocesses is correct. 

These limitations need not be discouraging; the first in 
no way prevents ns from making our statistical laws more 
and more exact, that is, the laws dealing with collections 
of large numbers of the particles concerning which we 
have probability laws; on the contrary, the greater our 
knowledge concerning probabilities the more satisfactory 
the basis for the laws describing the behaviour of the 
larger objects, the greater our chance of improving that 
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working knowledge which is the foundation of all 
applications of physics. 

As regards the second limitation : we cannot prove that 
a picture is correct, but it does not prevent us from using 
one to assist us in using and extending our knowledge. We 
may use a liypothetical aether, or hypothetical waves of 
one kind or another, and any other devices which will 
assist us to formulate physical laws to assist in our 
problems. To be told that tlie aether is imaginary, that 
there are no such things as light waves or electron waves 
is no more serious than to be assured that a collection of 
matliematieal symbols has no objective meaning. The one 
— like the otlier — might be quite meaningh'ss and yet might 
be a real and powerful aid to progress. 

A survey of i\w changes of our generation can, on the 
one hand, induce in us a ])roper sense of humility at the 
realisation of human limitations, but, on the other, the 
achicveimmts of the great thinkers and experimenters of 
our age must be a source of admiration and inspiration to 
all who Kseek the truth. 
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A NEW COLORIMETliJC METHOD FOR MEASURING 
THE HYDROGEN ION CONCENTRATION 
OF NATURAL WATERS. 

By Daphne Goulston, B.Sc. 

(Communicated by Professor H. G. Chapman.) 

(Read before the Royal Society of Neu; South Wales, June 3, 193L) 

This metliod consists of comparing tlie intensity of colour 
produced when tlie indicator is added to tlie solution of 
unknown pH, witli a standard depth of colour in a Dubosq 
colorimeter (for description of colorimeter see Hawk's 
Practical Physiological Chemistry, page 509). 

It is evident that tlie indicator must have only one 
colour; for instance, it may be yellow in the alkaline form, 
but colourless in the acid form, or vice versa. 

The hydrogen ion concentration of the unknown solution 
was calculated from the formula: — 

H == (1 - a/a) 

or the more convenient form : — 

pH = log. — log. 4a/l-a 

(see Clark's Determination of Hydrogen Ions, Chap. 8), 
where the so-called apparent dissociation constant, is 
a function of K, the true dissociation constant, and the 
constants of tautometric equilibria; and a represents the 
-degree of colour transformation. 

Technique. 

0.1 cc. of 0.1*/ aqueous solution of para nitro phenol 
was carefully measured into each cup of the colorimeter. 
To cup (A) was added 20 cc. of N/lOO NaOH (any alkali 
to transfer all the indicator into the alkaline form), pro- 
ducing a fairly deep yellow colour. This formed the 
standard. 20 cc. of the unknown sample was added to cup 
<B). 
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Cup (A) was set at, say, mark 20 on the scale of the 
colorimeter and the cup (B) was raised or lowered until a 
good match was obtained in the optical field. If the posi- 
tion of cup (B) on the scale was read at the mark 40, then. 
a = 20 '40 = 0.5, i.e., half the amount of indicator was. 
present in the acid form and half in the alkaline form. 

The method was checked by comparing a buffer solution, 
of known pH with the standard. Kolthoff 's buffer solution. 
0.1 M KI 1 jP 04 and 0.5 M borax was employed. The mean 
of ten readings on the scale was taken to find a. Log. 
1/K^^ or p. nitro phenol at 20 °C. = 7.16. The agree- 
ment between the buffer pH figures and the standard p. 
nitro phenol figures is shown below: — 


a 

pH 

pH 

pH buffer 

3.8/40 

6.18 ■ 

6.2 

6.2 

8.8/40 

6.61 

6.6 

6.6 

8,6/40 

6.59 

6.6 

6.6 


A 0.3% solution of meta-nitro phenol, which has ae 
log. == 8.32 at 20 °C. was also used as the indicator. 

a pH pH pH buffer 

8.6/40 7.789 7.8 7.8 

All experiments were carried out in a room temperature* 
of about 20°C. 


The above method was employed to find the pH of sea 
water. The following results were obtained: — 



Date 

Indicator 

pH 

pH Gillespie’s* 
method 

Circular Quay . . 

27 Sept. 

M.N.P. 

7.95 

7.95 

Circular Quay . . 

3 Oct. 

M.N.P. 

7.93 

7.95 

Circular Quay . . 

4 Oct, 

M.N.P. 

7.93 

7.95 

Bottle only half 
full, analysed 3 


M.N.P. 

7.72 

7.75 

weeks later 


P.N.P. 

7.68 

7.70 

Farm Cove . . . . 

26 Oct. 

M.N.P. 

8.05 

8.05 

Farm Cove . . . . 


M.N.P. 

7.93 

7.95 

Coogee 


M.N.P. 

7.94 

7.95 

Bondi 


M.N.P. 

7.93 

7.95 
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When this method is employed to determine the pH 
of a solution, three errors have to be taken into coni?idera- 
tion, namely: — 

(a) The two-acid error 

(b) The salt error 

(c) The temperature error 

(See Michaeli Hydrogen Ion Concentration, p. 48.) 

(a) In the determination of the pH by indicator methods 
we add to the given solution some indicator which is an 
acid. If the solution, e.g., sea water, is poor in buffer value, 
the addition of acid will alter the pH of our solution, as 
is illustrated in Michaelis table: — 


Concentration 

Indicator 

Mol s. /litre 

pH 

Error in pH 
due to 
Indicator 

0.003 

7.23 

— 0.29 

0.0015 

7.33 

— 0.20 

0.00075 

7.41 

— 0.11 

0.00037 

7.46 

— 0.06 

0.00018 

7.49 

— 0.03 

0 

7.52 

1 

1 


Therefore, if 1 cc. of indicator is added to 20 cc. of the 
water, a correction of plus 0.2 must be made in the pll 
observed. 

(b) Kolthoff gave a salt correction, for para nitro 
phenol, of minus 0.05 pH for an 0.50 N NaCl solution (see 
Clark, p. 121). 

(c) Micliaeli (see Clark, p. 131) showed the effect of 
temperature on the indicator employed in the following 
table : — 

Log. 1/Kj^ = pH value 
Temperature 

10°C. 20®C. 30°C. 

p-nitro phenol 7.27 7.16 7.04 

m-nitro phenol 8.43 8.32 8.21 
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THE SPLENECTOMY OF TADPOLES. 

By Daphne Goulston, B.Sc. 
((/Oinmiinicated by Professor H. G. Chapman). 

(Read before the Royal Society of New South Wales, June 3, 1931.) 


It is well-known Miat the spleen is not essential to the 
life and prood health of adult men and women. The object 
of the prc'sent work was to ascertain whether the absence 
of tlie spleen influenced the metamorphosis of the larval 
froj? in any obvious way. 

The animals used in the experiment belonj^ed to the j?enus 
Limnodj/nastes and were the la rarest obtainable at that 
period (from ponds at Marrickville, Sydney), being about 
7.5 cm. in length and possessing small hind limbs. Urethane 
was employed as the anaesthetising agent. The animal was 
placed in a glass receptacle, containing about a cupful of 
water and a teaspoonful of urethane, until the animal jxist 
ceased to move when disturbed. This solution may be used 
rei)eatedly. Tlie larva was immediately transferred to a 
wide but shallow glass dish containing tap water and some 
cotton wool to keep the animal in whatever position desired. 

The quiescent state of the larva was maintained by the 
addition of several crystals of urethane whenever the 
animal showed signs of moving, when the skin was pinched 
gently with the forceps. If aquatic respiration shows signs 
of waning the solution must be diluted immediately for the 
animal is easilj^ killed by an overdose of urethane. The 
tadpole was laid on the cotton wool with its left side upper- 
most, and a very small opening, less than 1 cm. in length, 
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was made through the skin and abdominal wall into the 
coelome or abdominal cavity. Tlie incision was made just 
below where the fore limb would later make its appearance 
through the spiracular opening of the oi)ercular cavity. 
The viscera was gently explored until the fat body, a yellow 
body with many finger-like protrusions, and glistening with 
fat globules, was found. By pulling this fat body gently 
and carefully, the spleen, a red organ, about tlie size of a 
pin’s head or less, and rounded or angular in shape, and 
attached to the folds of the mesentry, was brought into 
view. Since it w^as impossible for one person to liold and 
ligature the spleen, this organ was simply snipped off with 
a scissors. The fat body broke so easily under the ])ressure 
of the forcei:)S wlien searching for the spleen, that it was 
thought best to extirpate the entire organ in every case, to 
make the results comparable. In cases where the sjdeen 
could not be found immediately, the laparoloinised larvae 
were used as controls. The wound was closed by sewing 
the whole integument together, using tlie finest ‘‘eye” cat- 
gut. Except that the catgut was stored in alcohol and the 
needles placed in a dilute solution of lysol, when not in use, 
no antiseptic pn'cautions were practised. The needle (a 
straight cutting needle, one inch long) and catgut were 
washed in clear tap water before using them. 

About one dozen of both the sph‘neetomised and control 
tadpoles died within 1-2 days of the operation. Six splenec- 
tomised and ten normal larvae, during 3-4 weeks developed 
quite normally, as far as the eye could discern. In the 
case of the splenectomised tadpoles the tail diminished to 
a mere stump, while both forearms developed and the frog- 
like appearance was assumed. 

The animals died, owing, I assumed, to bad aeration in 
the hastily improvised aquarium. The control animals, 
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which had been kept in an old, well-established aquarium^ 
lived for months. 

Sections, stained with haematoxylin and eosin, of the 
organ removed were identified histologically as splenic 
tissue. Tliat the spleen had been extirpated and that no 
regeneration had taken place during 34 weeks was proved 
by a post-mortem dissection of the developed animal. 

In conclusion, it may be stated that there was no evidence 
of any deviation from the normal course of metamorphosis 
of the tadpole following splenectomy. 
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VARIATIONS OF THE HYDROGEN ION 
CONCENTRATION OF SEA WATER. 

By Daphne Goulston, B.Sc. 
(Communicated by Professor II. G. Chapman). 


(Read before the Royal Society of New South Wales, June 3, 193L) 


Gillespie’s simple colorimetric method for obtaining the 
pll of solutions seemed most suitable for the purpose in 
hand. To prepare the standard series of colours 1 deci- 
gramme (0.1 gm.) of the dry powder of phenol red was 
placed in a sterile glass bottle and 5.7 cc. of N/20 NaOH 
were added. AVhen the powder was dissolved the solution 
so formed was diluted with distilled water to 25cc. This 
gave a 0.4 solution of the original dye. For use in ex- 
perimental work, 5 ec, of the stock solution was made up to 
100 cc. with distilled water giving a 0.02% solution. 

Clean rimless test tubes of uniform bore wore carefully 
selected with the aid of a wooden peg, and also tested by 
pouring 10 cc. of water into each tube and discarding the 
unsuitable tubes. The test tubes were then washed with 
distilled water and steam sterilised for three hours. 

The N/lOO solutions of sulphuric acid and sodium 
hydroxide to be used were sterilised by boiling. The corks 
to fit the test tubes were also boiled and the wax for sealing 
purposes was filtered to be freed from dust. The test tubes 
were placed in a paired series and 0.02% phenol red solu- 
tion added in the drop-ratio of : — 
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A series: 0.50 cc. 0.55 cc. 0.60 ec. 0.65 cc. 

B series: 0.50 ee. 0.45 cc. 0.40 cc*. 0.35 cc. etc. 

To eaeli test tube of oue series were added 10 cc. of N/lOO 
acid and to the other series N/lOO base. One drop of pure 
xylene, from a capillary tube, was added to each tube to 
prevent growths of moulds or bacteria. The tubes were 
then sealed with corks that were freshly sterilised and 
waxed, and labelled. 

A trial s(Ties of droj)-ratio: — 

A series: 0.555 ec. 0.550 cc. 0.545 cc. 

B series : 0.445 cc. 0.450 ec. 0.455 ec. 

of the indicator was made up, but since it was difficult to 
»I)])reciate the difference in adjacent shades of colour in 
the centre of the series, the former series was emi)loyed. 
The pll of each pair of tubes was calculated, usiiif:? Clarkes 
dissociation constant for phenol red (phenol sulphon 
phthalein). Ka = 1.2 x 10 or pKa 7.9, and employing 
the formula : — 

Ch == Ka (undissociated molecule) /anion. 

There was a difference of 0.2 pH between the figures thus 
obtained and those of (lillespie’s drop-ratio figures, so, 
using I. M. Kolthoff's buffer mixture of borax and acid 
potassium phosphate a new colour series was obtained as 
follows : — 

Acid phosj)hate of potassium was recrystallised two or 
three times, dried to constant weight at 110-105°C. The 
salt dissolved clear. High grade commercial borax was 
also recrystallised and constancy of weight established in 
a desiccator. Stock solution of 0.1 M potassium H phos- 
phate, i.e., 13.61 gm/litre, and 0.05 M borax, i.e., 19.10 gm/ 
litre, were made with distilled water. 

The buffer scries was prei)ared from Kolthoff ’s table. 
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Potassium H Phosphate 
6.23 cc. 

6.81 „ 

5.60 „ 

5.17 „ 

4.92 „ 

4.65 „ 

4.30 „ 

3.87 „ 

3.40 „ 


Borax 

pH 

3.77 cc. 

7.0 

4.19 „ 

7.2 

4.50 „ 

7.4 

4.83 „ 

7.6 

5.08 „ 

7.8 

5.35 „ 

8.0 

5.70 „ 

8.2 

6.13 „ 

8.4 

6.60 „ 

8.6 


Wlien tlio drop-ratio series was eompared in a comparator 
with the series of buffer mixtures, Clark’s and Kolthoff’s, 
were found to coincide approximately. 

For collection of a sample of water, a lijxht blue coloured 
bottle of common glass was cleaned and rinsed with the 
sea water to be tested, and a sample tak(‘n. Tlie pIT of the 
water was obtained by jupetting 10 cc. of the sample into a 
tube of the same bore as the standard pll series, and adding 
to this 1 cc. of 0.02V< phenol red solution. The tube was 
then placed in the centre compartment of a comparator 
wdth a test tube of distilled "water immediately behind it, 
and the colour compared with the shades in tlu^ prepared 
standard series. Two trial sam^des were taken from Coogee 
beach, and tlie Spit. The pH of both w’as 8.5 and six days 
later this pll was unaltered, so it was concluded that no 
alkali had been absorbed from the glass of the collecting 
bottle in any appreciable quantity. This particular kind 
of bottle was, therefore, considered suitable for the collec- 
tion of samples of sea water. The room temperature in 
which the pII experiments were carried out varied from 
about 20® to 22°C., and the pll figures obtained were not 
corrected for temperature or salinity. McClendon found 
that under normal conditions the pH of the sea water falls 
0.01 for 1°C. decline in temperature, and a correction of 
-0.01 should be applied to the pH for every unit rise in the^ 
salinity above 0.33%. 
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Of the samples taken from the coast near Sydney, 
Cronulla, La Perouse, Bondi, Manly, Collaroy, etc., 60% 
jshowed a pll of 8,5, and 40% gave a pH of 8.4. Since 
this figure is so near the end of the phenol red curve, it 
was tliought advisable to clieck the figure by employing 
another indicator. 

A stock solution of cresol red, ortho*cresol sulphon 
phthalein was prepared by dissolving 0.1 gm. of the dry 
powder in ee. of N/20 sodiiun hydroxide and diluting 
to 25 cc. with distilled water. This 0.4^/ solution was 
‘0.02% for experimental purposes. Clark’s dissociation 
constant for cresol red is 8.3 pKa. A standard drop-ratio 
series with cresol red as the indicator vas pre})ared as 
before. Two sami)les of s(‘a water from (h’emorne and 
Circular Quay gave a pll of 8.4 with both the phenol red 
and the cresol red series. The alkalinity of the sea water in 
contrast to the neutrality or acidic character of tap and 
.distilled waters was al.so sliowii by means of plienolthalein 
and litmus paper; sea water changing sensitive litmus 
pa])er first mauv(*, then blue, wdtliin five minutes; both 
tap and distil h‘d w^aters, on the other hand, turned blue 
litmus paper pink, the intensity of pinkness being greater 
in the case of distilled whaler than the taj). WIk'u a drop 
of plienoltlialeiii w’as added to sea water a very distinct 
pink colour resulted, wdiile tap and distilled w’aters, when 
similarly treated, remained colourless. 

The hydrogen ion concentration of the sea water on the 
open sea shore seems to change slightly, since of the 
samples taken from Coogee beach, most were of a j)!! of 
8.5, while some showed a pll of 8.4, and the pH of one 
sample was 8.6. As one travelled from the ocean, through 
the harbour and up the rivers, the alkalinity of the water 
decreased perceptibly within a mile or so, as is demon- 
strated from the following figures: — 
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Lane Cove River . . . . Valentine pH 8.4 

Tambourine .... 8.3 

Figtree 7.8 

Fairy Bower .... 7.4 

Parramatta River .... Harbour 8.4 

Long Nose Pt. . . 8.3 

Drummoyne .... 8.2 

Glades ville . . . . 8.1 


This reduction of the alkalinity of the water is probably 
due to several factors, such as a lessening in the amount of 
Oa and Mg hydroxides, which cause the general alkalinity 
of sea water; a pouring out of fr(‘sh and brackish wate'** 
from the rivers; and a proportional increase in organic life. 

A modification of a Van Slyke apparatus was employed 
in an attempt to find the carbon dioxide content of sea 
water, but without success. For a pll 8.5 and 7.0 the CO.» 
content was ai)proximately 14%>15%, i.e., 14-15 cc. of CO., 
was contained in 100 cc. of sea water. The difference in 
the CO 2 content of water of a pII of 8.5 and 7.0 could not 
be measured by this method. Tin* relation of the hydrogen 
ion concentration of sea water to its COo t(*nsion was found 
in the following manner. A glass bottle of a cai)acity of 
about 560 cc. volume was cleaned, and rinsed with the sea 
water to be examined. About 15 cc. of s(*a water sample 
were then run into the bottle, and a minute quantity of (Ylj, 
from a Kipp’s apparatus, was run into the botth* (the (^Oa 
being first passed through distilled water to remove any 
trace of IICL vapour). The bottle was then mad(* air tight 
with a vaselined glass stopper, and shaken vigorously for 
a few minutes. About half an hour was allowed for e(iuili- 
brium to become established between the air and water. 
The bottle was again shaken, and a sample of the air ’was 
taken into a glass syringe, and the pH of the water was 
obtained immediately in the usual way. The sample of 
air was analysed for CO 2 in a Haldane’s gas analysis 
apparatus. The barometric pressure, and the temperature 



48 


DAPHNE GOULSTON. 


of the analysed, were also noted. A graph was obtained 
from separate samples of water of the same natural pH 
of 8.4. 

This graph shows that sea water is slightly buffered, 
although as small an increase as 8 mm. in the COo tension 
sufficed to alter the pH from 8.5 to 7.0. The buffer action 
was also shown by titration. One cc. of i)lienol red was 
])ipetted into a clean test tube of tlie specific diameter for 
the ph(*nol red series, and 10 cc. of the sample of sea water 
added. This was titrated with N/200 sulphuric acid until 
tlic colour was of the same tint as the pair of tubes of pIT of 
7.0. The colours were compared in a coloriim^ter. Ten cc. 
of the sample of sea water required 1.3 cc. of N/200 acid 
to increase the acidity from pH 8.5 to ])1I 7.0. 

i.e. : 6.5 x 10**^ g.m. II ions were added to bring the pH 

of 1,000 cc. of sea water from 
8.5 to neutrality. 

9.7 X 10 g.m. II ions would suffice to do this in 
the case of distilled water. 

The fact that the pH of the ocean water does not remain 
constant is shown in the following figures; — 


Palitzsch 

Black Sea 

pH 8.34 (surface) 

7.45 (deep) 

Mayor 

Yarmouth 
Sargasso Sea 
Florida 

7.95 (cold) 

8.25 (tropical) 

8.60 (at reef flat) 

8.25 (away from reef flat) 

Mayor 

Gulf of St. 

Laurence 
Gulf Stream 

pH 8.0-8.1 

8.2-8.4 

Goulston 

Sydney 

ph 8.4-8.5 (sea shore) 

8.1-8.4 (river to harbour) 

Henderson 
and Cohn 

Salinity; 30.73 
34.60 

0°C. 

40 °C. 

8.03 (CO.* tension constant) 

7.87 (salinity constant) 

8.35 

8.32 

7.95 
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McClendon states that it is almost certain that the CO 2 
tension is the chief factor in determining the pH of oceans. 
When McClendon diluted sea water of pll 8.1 with an 
equal volume of conductivity water of pH 6, the resulting 
pH (using H electrode) was 8.09; while a jelly fish, pul- 
sating in a closed vessel, changed the pll from 8.2 to 8.0 in 
a short time, indicating an increase of about 6.5 cc. of CO 2 
per litre. He also maintains that temperature is the most 
important factor determining the pH of the surface water 
of the sea; for as the temperature rises carbon dioxide is 
driven out of the water and alkalinity increases; whereas 
if the temperature falls, the water attains an increased 
capacity for absorbing CO 2 , derived from the animals and 
plants, and the Ch increases. 

Sir William Ilerdman found that a periodic seasonal 
change in the alkalinity of sea water corresponded roughly 
with the phytoplankton annual curve. 

*‘In early spring the rapidly developing myriads of diatoms 
in their metabolic processes use up the store of CO accumu- 
lated during the winter, or derived from the bicarbonates of 
Ca and Mg, and so increase the alkalinity of the water, until 
the maximum of alkalinity, due to the fixation of the carbon,, 
and the reduction in the amount of CO-> present, corresponds 
with the crest of the phytoplankton curve in April or May. 

The ability of different species of marine fishes to extract 
oxygen from sea water at different pll's varied. For 
example. Powers found that the Cunner was able to extract 
0-! from the water when the pH was 8.4 or 6.6 ; whereas the 
optimum 0= intake of the Mackerel was limited between pH 
7.7 and 8.2. This fact may be correlated with the range 
of habitat of the species. 
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ON THE METABOLISM OF COLD-BLOODED 
ANIMALS. 

By Daphne (iori>sTON, B.Sc. 

(Coninintnciited by Professor H. G. Ohfipnian.) 

(Read before the Royal Society of Nc7v South Wales, June 3, 1931,) 

Introduction. 

Few deteriniimtioDs are available eoneernin^ the con- 
sum])tion of oxy«:eD and elimination of carbon dioxide 
by cold-blooded animals. Siieb determinations as have 
been made have not beem eorrela1(‘d with the surface area 
of the animals. I liave, therefore, made some dePumiina- 
tions of the metabolism of fro^s and have related the 
metabolism to the results of these determinations. 

Method of Determining Surface Area of Frogs. 

The frogs wei*e killed by pithing tlie brain and sjunal 
cord. Since the weight of a frog varies a})preciably 
according to whether it occupies a moist or dry habitat, 
all the frogs were rinsed in taj) water and the super- 
fluoiis water absorbed by slightly damp filter paper 
previous to weighing. Six frogs were chosen varying 
in weights from 6.8 to IH.l gm. and plaster of paris casts 
were made as follows: — 

The frog was laid on its dorsal surface on a plate 
of glass with its fore and hind limbs placed so as to be 
freed from touching the trunk of the animal. No attemjit 
was made to separate the digits of the manus and pes. 

The animal was effectively halved by outlining the 
body, fairly thickly, with plasticene, so that the plasticene 
made contact with the skin of the animal at approximately 
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half the thickness from the dorsal to ventral surface. 
A plasticeno wall about 1 J ins. hip:h was then built around 
this structure, and a thin layer of oil was painted over 
the plasticene. Fresh ])laster of paris was added to water 
and a fairly heavy creamy consistency was obtained, and 
the mixture immediately poured into the frog-plasticene 
structure. 

When the plaster had hardened (about 20 minutes, 
later), all the j)lastieene was removed, and the plaster 
surroundino the froo* was painted with shellac, which 
dried almost immediately, and then with oil. A fresh 
plasticene wall was now built round the half plaster cast 
and plaster of paris was poured into the plasticene cast 
structure and aj?ain left to harden. 

The two halves were gently pulled apart and the dead 
frog carefully removed. The casts were shellaced and 
left to dry. 

The casts were next lined, as thoroughly as possible^ 
with wet Japanese silk by means of a hard brush and 
commercial adhesive paste. When dry the lining was 
gently pulled free from the cast and the “frog shape 
cut into fragments small enough to lie flat. 

A sunlight print was obtained of all the fragments,, 
and the weight and area of the sensitised paper obtained. 
Each small piece representing a portion of the surface 
area of the frog was next carefully cut out, and the weight 
of the sum of these pieces obtained. 

If Y sep cm. equal the total area of the sensitised paper 
Z gm. equal the weight of the sensitised paper 
X gm. — weight of fragments 

Y.X 

Surface area = 

Z 
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The accuracy of the method was tested by pasting 
Japanese silk around a billiard ball, and treating this 
surface covering in the same way as above. 


Calculated 
Surface Area. 
80.20 sq. cm. 


Experimental 
Surface Area. 
80.65 sq. cm. 
80.00 
81.50 


80.30 sq. cm. 


The surface area figures for the frogs were less accurate, 
due to the difficulty of lining the cast. For example: — 
Weight — frog 31.1 gm. Surface Area. 

100 sq. cm. 

102 

105 

101 

Mean 102 sq. cm. 

Using MeelCs formula relating the surface to the volume; 
Surface = K Volume'^/* 

The specific gravity is practically constant, so that weight 
may be substituted for volume in this expression: — 
S.A. = K3 W2 

Figures obtained for K constant as follows : — 

K 10,26 
11.63 
12.06 
11.58 
11,79 
12.30 


11.60 Mean. 
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Inabas (Archiv. Anat. Physiol. 1911) found: — 

K for lizards = 12.4 (wt. 4 to 8 gm.) 

12.79 (wt. 20 to 26 gm.) 

K for frogs = 4.6 

To obtain this constant K, Inabas measured the skio 
after its removal from the animal. 

This method would only give a true figure when the 
skin neither stretches nor shrinks on its removal from the 
body. Inabas’ constant for lizards is of the right order 
of magnitude, but his frog constant is a long way out,, 
due to the shrinkage of the frog’s skin. 

The following figures for K have been found for various, 
animals : — 

K Dog == 10.10 (Wt. 1 kg. approx.) 

(^at == 10.27 (Wt. 1 kg. approx.) 

(Karl Thomas, Archiv. Anat. Physiol. 1911) 

K Man = 12.5 

Dog = 11.2—10.3 
Cat = 9.9 
Mouse = 11.4 

(Rogers — Comparative Physiology, 1927.) 

My surface area figures were obtained from experiment® 
with winter frogs, so that probably a different value for 
constant K would be found for female frogs, during the 
breeding season, due to their increase in girth. 

Cowgill and Drabkin (Amer. Journ. Physiol. 1927, No. 
1) experimented with dogs and have added to the Meeh 
Rubner surface area formula to allow for the nutritive 
state of the animal, producing the following expression ; — 

S sq. cm. = KW® *^ gm. X N /N ^ 
where N /N ^ « nutritive state correction 

m ow 
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^obs ^ W^/^/length of individual in question 
N =« Maximum possible W^/^/L for the 

m 

species. 

Dreyer found, and Cowpll and Drabkin confirmed, 
with the data from Stewart and Thomas, the fact that 
the exponent of the weight should be 0.71 instead of 
0.667 (2/S power). 


With exponent 0.667 

K mean is 

± 5.4% 

>> jj 

0.71 


± 2.9% 

Frog 

Weight 

Length 

N,«. 

A 

31 

6.8 

0.462 

B 

13 

5.1 

0.461 

C 

7 

4.5 

0.425 

D 

9 

5.1 

0.407 


10 

5.1 

0.423 

E 

16 

5.9 

0.427 

F 

19 

6.1 

0.437 

F, 

23 

6.1 

0.466 


Fi is frog F allowed to remain between wet filter paper 
overnight. 

The Metabolism of Frogs. 

The only data concerning the direct calorimetry of 
frogs was obtained by A. V. Hill (Journ. of Physiol. 
Vol. 13, 1911). Hill designed a micro-calorimeter. Two 
thermos flasks were arranged each in contact with one 
junction of a sensitive galvanometer, which was con- 
nected to a copper constant thermocouple : so that when 
the animals plus some water were placed in one flask, 
and some water in the other flask, the deflection of the 
galvanometer mirror gave the difference of temperature 
between the two flasks. The difference was increased by 
the heat-producing activity of the living animals. 
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100 

cc. 

frogs 

(8 frogs) 

150 

cc. 

water 

in A flask. 

285 

cc. 

water 




in B flask. 


Hill found that the living resting frog produced about 
0.45 calories/cc. frog at a temperature of 19° C. 

The average volume of a frog was 12.5 cc. and the 
surface area was 62 sq. cm. (using D. Goulston^s constant 
K 11 . 6 ). 

A resting frog, therefore, produced 20.77 cals./sq. metre 
/day. 

Hyla A urea. 

The following experiment was an attempt to ascertain 
directly the resting metabolism of an individual frog. 
The same frog was used throughout all experiments. 

Only water liad been supplied to the animal one week 
(at least) previous to, and during, the experiments. 

The frog was placed in a wide-mouthed jar of capacity 
of 1150 cc. The jar was closed with a stout rubber 
stopper through which passed an “inlet’’ and “outlet” 
glass tubing. The inlet tube was connected by rubber 
tubing to a series of five absorption tubes containing 
40% KOH; while the outlet tube. was connected to an 
aspirator. A cloth was draped round the jar to prevent 
the animal from being disturbed. 

Air freed from CO2 was drawn through the experi- 
mental jar for one hour. The outlet tube was then 
disconnected from the aspirator and some air drawn 
through into a sampling tube. The inlet and outlet tubes 
were immediately closed with pinch-cock stoppers. (Later 
glass taps were substituted.) 
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The animal was allowed to remain thus for a period of 
three hours. The tap water, which operated the aspirator, 
was allowed to continue to run so that the animal would 
not be disturbed by an unnecessary change in its vicinity. 

After the experimental period had elapsed, another 
sample of air was taken from the jar, care beinj? taken 
to obtain a well-mixed sample by raisin[>‘ and lowerin^,^ 
the plunder of the sampling tube several times. 

The “before” and “after” samples of air were analysed 

in a Haldane gas analysis apparatus. The following 
figures were obtained: — 


Preliminary Metabolism Pioures for Resting Progs. 



COo % 

0 ., % 

Time 

Weight Calories /sq. metre/day 

Temp- 

Date 

expired 

absorbed 

hours 

gm. 

.. 

— 

erature 







R.Q. 

0“ C. 

4 

0.46 

0.51 

3 

16.1 

27.88 

0.90 

23 

8 

0.34 

0.38 

3 

14.6 

22.46 

0.97 

24 

9 

0.29 

0.35 

3 

14.0 

20.24 

0.83 

24 

10 

0.22 

0.30 

3 

14.6 

17.45 

0.73 

21 

11 

0.22 

0.30 

3 

14.2 

17.03 

0.73 

19.8 

12 

0.19 

0.27 

3 

14.4 

15.78 

0.72 

20.3 

17 

0.17 

0.23 

3 

14.1 

13.48 

0.74 

19 

19 

1.39 

1.65 

22 

18.4 

14.11 

0.84 

20-22 



Weight 


Surface Area 





13 gm. 


64.2 

sq. cm. 





14 gm. 


67.4 

sq. cm. 





15 gm. 


70.5 

sq. cm. 





16 gm. 


73.7 

sq. cm. 



The above 

figures 

show 

that the 

metabolic rate 

of a 


Testing frog falls during starvation. 

Hill found, as shown in his graph, that the heat produc- 
tion of frogs, kept without food, fell from an initial 
liigh value of 0.5 calories per cc. frog to 0.3 calories at 
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20" ('. This fall took place gradually, and was not 
complete until about 15 days. 


This corresponds to a fall of metabolism from 
24 calories/sq.m./day to 14 calories/sq.m./day. 

The rate of heat production of a frog is increased 2-3 
times by a rise of 10° C. as demonstrated below : — 

27° ('. . . 0.7 calories/cc./frog/hour 


20° C. 
0.3° (’. 


0.5 

0.2 
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THE MINERALOGY AND ORIGIN OF THE 
NATURAL BEACH SAND CONCENTRATES OP 
NEW SOUTH WALES.* 

By II. F. Whitworth, B.gc. 

(With twenty Text Figures.) 

(Conmiuiiicated by C. A. Sussniilch.) 

(Read before the Royal Society of New South Wales, June 3, 193L) 

Occurrence. 

At many places along the coast of New Smith Wales^ 
between the mouth of the Shoalhaven lliver on the south, 
and the Queensland Border on the north, deposits of 
naturally concentrated heavy minerals occur on the beaches. 
The minerals have been concentrated by wave action during 
heavy south-east gales, and the deposits are usually best 
developed from the centres to the northern ends of the 
beaches. The most extensive deposits occur on the beaches 
to the north of Port Macquarie, those on the Southern 
beaches being much smaller. Raised beaches, only a few 
feet above sea-level, occur on the North Coast, and many of 
these contain layers of heavy mineral concentrates. In 
localities sucli as these, in which the waves are eroding the 
raised beaches, the deposits of concentrates on the present 
day beaches are particularly heavy, sometimes reaching a 
thickness of three feet, a width of twenty yards, and a 
length of over a mile after a heavy storm. 

During periods of fine weather, the concentrates dry 
and become remixed with the beach sand, largely by the 
action the wind, but at each high tide, a line of black 
sand is usually left at high water mark, thus indicating the 
presence of heavy minerals in the sand. 

♦Published by permission of the Under-Secretary for Mines* 
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Economic Importance. 

The beadles and raised beaches of the North Coast have 
been worked intermittently durin«: the past thirty-five years 
or so, for their jrold, platinum, tin and monazite contents, 
but have failed to yield a satisfactory return. A large 
part of the work has been done by fossickers, who confined 
their attention to tlie heavy concentrates or “sniggers’’ 
formed during storms. More recently some attention has 
been j)aid to some of the South Coast beaches, and in 1925 
a little cassiterite and gold were obtained from the beach 
at Thirroul. As the amount of concentrate on this beach 
is small, operations were conducted on a small scale, and 
have since been abandoned. Although both gold and 
cassiterite are known to occur on other beaches on the 
Soutli Coast, little or no work has been done on them. 

Attention is now being paid to some of the North Coast 
beaches as a possible source of zircon and rutile, the 
former for use in the manufacture of zirconia, which is 
now used as an opacifier in the enamelling of iron and 
steel, and the latter for the manufacture of titanium white, 
a pigment of great covering power, now finding an exten- 
sive use in the paint industry. 

Composition. 

The colour of the natural concentrates varies from a 
pale grey tOi a very dark grey, according to the amount of 
ilmenite present, and in some localities, it is so dark in 
colour that it is commonly known as “black sand.” Owing 
to the fineness of the mineral grains, and their liigh degree 
of rounding, the concentrate is extremely mobile when dry. 

A microscopic examination reveals the fact that the 
grading is very even and that the main constituents are 
zircon, ilmenite and rutile. As these three minerals have 
similar specific gravities, and as the grains are of approxi- 
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inately the same size, the percentage weight of each in a 
given sample may be determined with a fair degree of 
accuracy by a simple count of the number of grains of 
each mineral present in a small sample. This count is 
conveniently made with the aid of a microscope wdth a 
magnification of about 200 diameters, immersing the 
sample in a highly refracting liquid. Nitro-beiizene was 
found to be suitable for this purpose, for, its refractive 
index being about 1.55, anj" quartz grains ])r(‘sent are 
rendered almost invisible in ordinary light, whilst zircon 
and rutile grains stand out in high relief owing to their 
much higher refractive power. Providing tliat more than 
1000 grains an* counted in at least t(‘n different fields of 
the microscope, the error in estimating the i)ercentage 
weights of the minerals present does not appear to be 
high. 

The approximate mineralogical composition of a number 
of samples of natural concentrates from different localities 
is given below. 


Locality. 

Zucon. 

llmenitc. 

RutiU*. 

other Minerala. 

Corrumbin 

63% 

27% 

13". 

7% 

Byron Bay 

43% 

36% 

13Vr 

8%. 

Ballina 

62% 

26% 

7"r 

6% 

Berrie Point . . 

75% 

14% 


2% 

Fingal Beach . . 

64% 

80% 

IV/c 

5% 

Iluka 

62% 

28% 

18% 

2%. 

Collaroy . . . . 

40%. 

43% 

15"/r 

2% 

Thirroul . . . . 

60% 

26% 

13% 

2% 

Terrigal . . . . 

46% 

89% 

139^ 

3% 


The term Other Minerals” in the above table does not 
include quartz, the presence of which implies imperfect 
concentration. Some of the samples examined contained 
about 25% of quartz whilst others were practically free 
from this mineral. Quartz is easily removed from the 
heavy minerals by panning or by shaking and dry blowing. 
Either of these methods will yield a concentrate practically 
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free from (|uartz, tho loss of very little of the heavy 
minerals present. 


The follovviiif? analyses, published in '‘The Mineral 
Industy of New South Wales” (N.S.W. Geolof^ieal Survey 
1928) serv(‘ to illustrate the ehemieal com position of the 


sands : 

No. 1 

No. 2 

SiOa 

27.46 

20.36 

ZrOa 

60.78 

43.77 

TiOa 

14.00 

23.50 

ALO. 

1.72 

0.34 

CraO^ 

0.42 

0.34 

FeO 

4.83 

4.48 

MnO 

0.25 

trace 

CaO 

trace 

absent 

MgO 

0.42 

0.44 

PaOf. 

0.24 

1.25 

Rare Earths 

trace 

1.61 

Organic Matter 

trace 

0.32 

SnOs 

trace 

3.81 

Gold 

1 dwt. 7 gr. 

per ton 1 dwt. 10 gr. per ton 

Platinoid Metals 

less than 10 

gr. „ less than 10 gr. „ 


No. 1. — Natural beach sand concentrate from between the 
Richmond River and Evans Heads. Analyst, J. C. H. Mingaye. 

No. 2. — Natural beach sand concentrate from two miles south 
of Evans Heads. Analyst, H. P. White. 

The writer has examined many samples of these natur- 
ally concentrated sands under the microscope, and in 
addition to zircon, ilmenite and rutile, the following 
minerals have been recognised : — 


Leucoxene 

Creen spinel 

Epidote 

Brown spinel 

Chromite 

Cassiterite 

Magnetite 

Chalcedony 

Limonite 

•Sapphire 

Tourmaline 

Pyroxenes 

Monazite 

Hornblende 

Xenotime 

Andalusito 

Carnet 

Staurolite 

Pleonaste 
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Kaggatt (Biillotin No. 13 Geologi(*al Survey of New 
South Wales) states that Columbite is present in some eases. 
Owing to tlie oi)aque nature of this min(»ra], and the 
presence of a large amount of ilmenite, whieli is also opaque, 
it is impossible without the aid of magnetic sejmration and 
chemical tests on the separated fractions, to verify tJie 
presence of Columbite. 

Description of the Minerals Present. 

The zircon is nearly all of tlie colourless variety, although 
a few pale pink and pale blue grains arc present. Tt occurs * 
both as well rounded grains and as perfect doubly- 



Figs. 1-8. Zircon crystals separated from beach sand concen- 
trates. Approximate length 0.2mm. 

terminated, pyramid capped tetragonal prisms. Tlie crystals 
average about .2 mm. in length and about .1 mm. in breadth, 
whilst the rounded grains average about .15 mm. in 
diameter. The occurrence together of well rounded grains 
and perfectly preserved crystals, seems to imply that the 




64 


H. F. WHITWORTH. 


crystals have been transported from their original source 
as inclusions in some other mineral which has protected 
them from erosion, and which has liberated them compari- 
tively recently. The zircon is easily recognisable from its 
high refractive index, brilliant lustre on crystal faces, and 
its high double refraction. The double refraction is so 
liigli tliat most grains show only a high order white inter- 
ference colour, though some show pale pinks and greens on 
the edges. Inclusions are common, some are definite 
crystals of rutile, whilst others appear to be hollow cavities, 
irregular in some cases, and elongated parallel to the 
axis of the zircon, in others. Tiny dust-like inclusions, 
probably of oxide of iron, occur along definite zones in 
many crystals. 



Figs. 9-11. Rutile crystals separated from beach sand concen- 
trates. Approximate leng^th 0.2mm. 

B utile occurs as broken or imperfect crystals, or as 
rounded grains. The colour varies from a deep reddish 
broAvn through various shades of brown to a deep yellow. 
Many of the deeper coloured grains are almost opaque, 
and unless examined carefully in a very strong light, may 
be mistaken for ilmenite. The lustre on crystal faces and 
on freshly broken surfaces is very high, and the refractive 
index is so high that the lustre is quite noticable even when 
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iinmers(‘(l in nitro-benzene, the refractive index of which 
is about 1.55. The double refraction of rutile is hijrh, and 
interference colours are masked by the stronjr natural 
colour. Pleochroism is weak, and is only noticeable in the 
lip:hter coloured varieties. In size, the rutile j^rains are 
ai)i)roximately equal to the zircons, the crystals averajying’ 
about .2 mm. in len<?th, and the rounded grains about 
.15 mm. in diameter. 

llmcniii occurs both as imperfect crystals and as 
rounded grains. It is quite opacpie, and of a bluish black 
colour by reflected light, whilst the lustre is somewhat 
metallic*. ]\rany of the rounded grains of ilmenite show 
curioii'^ly shaped cavities in their surfaces. These grains 
an* probably tin* eroded remains of the skeletal crystals 
which are so cliaracteristic of ilmenite. Whilst the average 
grain size of the zircon and ilmenite is approximately the 
same, many of the ilmenite grains are very small, some 
being h‘ss tlian 0.05 ram. in diameter. 

Liucoxine occurs as a browui, yellow or white coating 
on the ilmenite grains. Some of the grains of ilmenite are 
only partially covered with leucox(‘ne, whilst others appear 
to have been entirely replaced by that mineral. 

Epidoti occurs rather sparingly as rounded yellowish 
green grains, generally slightly clouded through alteration. 
It is recognisable by its high refractive index, weak though 
distinct pleochroism, bright interference colours, and the 
clouding previously mentioned. The amount of epidote 
varies greatly in different samples of sands. As the 
specific gravity of epidote (3.4) is considerably below that 
of zircon, ilmenite and rutile (4.53, 4.65, and 4.25 respec- 
tively) its presence is an indication of imperfect concen- 
tration. 


E- June 3, 1931. 
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Chromiie. Tlie presence of small amounts of chromic 
oxide is sliown by the analyses previously quoted, and a 
careful search reveals the presence of chromite in dark 
brown flakes whieli are almost opaque, being: translucent on 
the tliin edg:es only. The flakes are isotropic, and possess a 
very hig:h refractive index. A few brown o])a(iue octohedral 
crystals of chromite have been noted in some cases. 

Magntfife occurs rather sparingly and is most easily 
detected by means of a magnet. The grains separated in 
this manner are jet black to brownish black in (*olour, and 
are often ])artially altered to limonite. Some ])erfectly 
formed octohedral crystals are ])resent. 

Limonite is present as small reddish brown earthy opacjue 
grains, some of which appear to have a concentric* structure. 
Much of tile limonite present api)ears to be an alteration 
product of magnetite. 

Tourmaline is very variable in amount, being veiy rare 
in some sands and forming iip to 2% of the volume of 
others. As in the ease of the epidote, this variation may 
be accounted for by the comparatively low specific gravity 
of the tourmaline (about 3.1). The tourmaline occurs 
both in the form of rounded grains and as short prismatic 
crystals with rounded ends. The colours are very varied, 
blue, pink, brown, black, and yellow grains being j)resent. 
The pleochroism is very strong, changes being from colour- 
less, yellow or brown to black, blue to pink, blue to 
colourless, blue to brown, pink to colourless and pink to 
brown. The cliar act eristic absorption, which is greatest 
when the prism edge of the crystal is parallel to tlie vertical 
cross hair of the microscope, serves to identify any crystals 
of tourmaline present. The rounded grains are quite easily 
recognisable by their comparatively low refractive index 
and low double refraction, and their strong pleochroism. 
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Monazifc, owing to i1s softness, oecnrs mainly as rounded 
grains which an^ slightly below the av(‘rage grain si/e of 
llie sands. Many of the grains liave a })(‘euliar bean-like 
or pear-like shape vvhieh seems to be eharact<‘rjstie (see 
figs. 12-14). The colour is ])ale yellow or ^"ellowish green 
and pleochroisni is absenl. The refractiv(‘ index is liigli 
and tJie grains show a eliaraeteristically pitied surface. 



Figs- 12-14. Monazite grains separated from beach sand concen- 
trates. Approximate length 0.15mm. 

The double refraction is about the same as that of zircon, 
and the grains show a high order white interfercnice colour 
sometimes showing ])ale pinks or greens on the thin edges. 
The amount of monazite varies in different sands, in some 
eases being present to the extent of over V/i . The sj)ecific 
gravity of the monazite is sufficiently above that of the 
zireoii, ilmenite and rutile to allow it to be eoneentrated by 
panning. 

Xenotime. In Ibe absence of micro-chemical tests, the 
determination of this mineral is in doubt, bnt in e(‘rtain 
analyses both tlje ])hosphorous pentoxide and rare earths 
are shown in excess of that ref|uired for the monazite 
present. This implies the presence of another i)hosphate 
mineral of the rare earth grouj). Many of the sands 
examined contain a yellow mineral, often opaque through 
alteration, crystallising in a manner to the zircon, and 



68 


H. F. WHITWORTH. 


having a very hi^li refractive index and double refraction. 
This mineral lias been provisionally classed as xenotime. 

Ganut is jiresent in practically all the sands examined^ 
and occurs as irrej^ularly shaped fraf^ments which are not 
well rounded. Perfectly formed crystals are not present, 
althouj>:h occasionally a crystal face may be seen. Both 
pink and colourless varieties are present. The combination 
of hiji'h retractive index and isotro])ic character serve for 
its identification. 

PIconastc is a very rare constituent, and has been 
definitely recognised in only a few of the many sam])les of 
sand (‘xamined. Tt occurs as irrejjularly shaped <?rains, 
Avhich are black in colour by reflected lijxht, and either a 
dark f^reen or grey on the thinnest edges by transmitted 
light, the colouring being so strong that the centres of the 
grains are opaque. 

Gran is slightly more abundant tlian the ])leon- 

aste, and o(‘curs as bright green grains which may be 
recognised by their high refractive index and isotropic 
character. 

Brown Spinel occurs rather sparingly as dark brown 
translucent, isotro])ic flakes, having a high refractive index. 

Cassiftritc usually is a rare constituent, but in some 
cases owing to its relatively high specific gravity (6.(>5), 
it has been, concentrated locally and samples containing as 
much as 25 of this mineral have occasionally been ob- 
tained. Most samples of tlie sands will yield a concentrate 
ri(*h in cassiterite and monazite by panning. The identi- 
fication of cassiterite is somewhat difficult owing to its 
variable colour. The colours are grey, yellowish brown, 
dark brown, brownish red and colourless. Pleochroism is 
very faint, and is best seen in the grey coloured grains. 
Well preserved crystals are rare, but a few prismatic 
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crystals and <?enieulate twins have been seen. Many p:rains 
are (dther parti-col on red or zoned, which is a very nseful 
character in tlie determination of cassiterite. The colour 
bandiiij? in some j?rains shows shari) changes of direction, 
as in Fig. 18. Such grains are evidently all tliat remains of 
an originally twinned crystal. The refractive index is higli 
and the double refraction is so higli that iiit(‘rference 
colours can seldom be seen even on thin edges. 



Figs. 15-20. Cassiterite crystals separated from beach sand con- 
centrates. Approximate length 0.15mm.-0.2mm. 

(Ixalccdorwf is present both as angular fragments and as 
rounded grains which are either colourless or pale green. 
It is most easily recognisable by the fact tliat it fails to 
extinguish when rotated between crossed nicols, owing to 
its cry])tocrystalline character. Its j)resence, like tliat of 
<]nartz, implies imperfect concentration. 

Sapphire is a rare constituent, and occurs as flat basal 
cleavage plates. It is recognisable by its high refractive 
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index, weak double* refraction, pale blue colour and faint 
pleochroism. 

Pijroxeneii. Two varieties of pyroxene are present, one 
bein^^ colourless, and the other being pale green and 
pleochroic, changing to a pale pink when rotated between 
crossed nicols. The colourless variety is often much clouded 
by alteration, and is possibly dio])side. The coloured 
pleochroic variety is apparently hy])ersthene. 

Rornhlende is very rare and occurs as cleavage frag- 
ments. It is green in colour, strongly jdeocliroic, and can 
be identified by its oblique extinction, comparatively low 
refractive index and double refraction, and by its well 
develojied cleavage. 

Andalusite occurs very sparingly as round(*d grains, 
slightly above the average grainsize of the sand. Tt is 
recognisable b^^its comjiaratively low double refraction and 
its pleochroism, the colours observed being pale pink or 
pale bluish green, changing to colourless w^hen rotated 
between crossed nicols. 

StauroUte is somewhat irregular in its distribution, and 
ap])arontly is more abundant in the concentrated sands 
from the South Coast than in those from the North Coast. It 
occurs as rounded grains of a brownish red colour, and is 
identifiable by its strong pleochroism and bright inter- 
ference colours. Many of the grains of staurolite contain 
small inclusions which all elongated ])arallel to the long 
axis of the staurolite. Some of these inclusions are 
surrounded by dark haloes in the staurolite. 

In addition to the above minerals, there are at least three 
others which have not yet been definitely identified. One 
of these is dai’k brown in colour and has a very high re- 
fractive index and double refraction, and is generally 
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clouded tliroug:li decomposition. This mineral is possibly 
spheno. Another mineral is brownish yellow in colour, 
quite o])aque, and oc<*urs as rounded j>:rains with a brilliant 
lustre. The other unidentified mineral occurs as small 
prismatic crystals which are dark brown in colour, have 
strai<;lit extinction, and are almost opacpie. 

Orioin. 

Tin* late J. Fj. Came, in discussing: the auriferous beach 
sand concentrates of the North Coast, sug:g:ested the follow- 
ing possible sources: — 

(a) The 8iluro-Devonian rocks. 

(b) The Clarence Iliver (k)al Measure sedimentary rocks. 

(c) The early river channels, i.e., drifts under the 
Tertiary basalts. 

(d) Auriferous basalt at the Hichmond River Heads. 

(e) The present drainajxe channels from the Eastern 
margin of the stanniferous rocks of New England. 

In the Annual Report of the De])artment of Mines for 
the year 1893, Came discusses all of the above possibilities, 
and finally favours the theory that the early drainage 
channels are the source of the concentrates. In view of 
the fact that concentrates, similar to those of the North 
Coast, occur on the beaches between the mouths of the 
Hunter and Shoalhaven Rivers, in districts in which no 
Tertiary drifts are known, the writer began a series of 
experiments to determine whether the Triassic sedimentary 
rocks might not be their source. 

families of Triassic sandstone from around Sydney were 
crushed and concentrated by panning, and some interesting 
results thus obtained. Six samides, each of 1000 grams, 
were treated by this method and yielded tlie following 
amounts of heavy mineral concentrates: — 
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Yellow sandstone 

Daw^es Point 

.74 gms. 

Yellow sandstone 

Mosman 

.86 gms. 

Ferruginous sandstone 

Willoughby 

.45 gms. 

White sandstone 

Sailor’s Bay 

.22 gms. 

White sandstone 

Wynyard Square 

.65 gms. 

Yellow sandstone 

Miller’s Point 

.:15 gms. 


A sample of Triassic sandstone from Broke, near 
Singleton, yielded only .11 gms. of heavy minerals per 
1000 gms. 

Several samples were treated in duplicate in order to 
determine whether the variations in the amounts of con- 
centrate obtained were due to exi)eriinental error or not. 

In each case the experimental error was found to be 
small, and it thus a])pears that there is a considerable 
variation in the amounts of heavy minerals ])i’esent in 
different horizons of the Triassic Series. 

A sample of Upper Coal Measure sandstone from near 
Muswellbrook yielded 0.5. gms. of heavy minerals p(‘r 1000 
gms. 

After arming the concentrates obtained from the 
sandstone with dilute hydrochloric acid, to remove iron 
stainings and to dissolve any particles of metallic iron 
introduced during crushii>g operations, it is seen that they 
bear a strong resemblance to the natural beach concentrates. 
In all cases they consist mainly of zircon, ilmenite and 
rutile, together with most of the other minerals found on 
the beaches. In addition to zircon, ilmenite and rutile, the 
following minerals have been observed : — 

Haematite Monazite Cassiterite 

Limonite Staurolite Tourmaline 

Garnet Epidote Pyroxenes 

Magnetite Hornblende 
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The relative proportions of zircon, ilmenite and rutile 
in tile concentrate obtained from the yellow sandstone from 
Dawes Point are as follows : — 


Zircon 36.6% 

Ilmenite 31.3% 

Pvntile 23.0 

Other minerals 9.1 Yf 


The main differences between the concentrates obtained 
from tlie sandstones and the natural beach concentrates are 
tile smaller dej>:ree of ronndinjr in the former, and the 
higher pereentaj.?e of inonazite, epidote, staurolite, horn- 
blende and pyroxenes. 

The occurrence of heavy minerals in the Triassic sandstone 
near Sydney and the Upper Coal Measure sandstones near 
Muswellbrook leaves little room for doubt as to the orij^in 
of the concentrates on the beaches between Newcastle and 
the mouth of the Slioalhaven River. It is su^grested by 
analogy, that the beach sand concentrates on the North 
Coast have been derived from the Triassic Series of the 
Clarence River District. The writer has not yet had an 
opportunity of preparing a concentrate from the Clarence 
River sandstones, but the preparation and examination of 
such a concentrate should prove whether the beach con- 
centrates on the North Coast have been derived from this 
source. 

The origin of the gold and platinum in the beach sand 
concentrates is, however, still in doubt. As the amounts 
of concentrates obtained from the sandstones were too small 
to allow of assays for gold and platinum being carried out, 
it is not known whether these metals are present in the 
Triassic sandstones. It is suggested that the gold and 
platinum must be regarded as local additions to the zircon- 
ilmenite-rutile concentrate, as they only occur at a few 
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localities aloiif? tlie coast, whilst the zircon-ilmenite-rutile 
concentrate has a very wide distribution. 
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THE CELLULOSES OF TWO WATEli PLANTS, 
OTTELIA OVAL! FOLIA (JilCllARD) AND 
EICIIORNIA CRASSIPES (SOLMS). 

By John Campreli. Earl, D.Sc., Ph.D., 

AND TllEIi.MA Mi^RIEL liEYNOLD^, M.Sc. 


(h‘fod he j ore the Royal Soiicty of New South ll'a/es, June 3, 1931.)' 


A]»|)av(*iitly celluloses from most sources are idcntieaL 
One notable exce])tion is the cellulose oi* Fosidonia australis,. 
and a preliminary examination (Arneman and Earl, this 
Journ., 1929, 6Vy, 44) indicated that another water plant 
(Poianio<j( ton sp.) might possibly prove to differ from the 
usual standard Jii respect of its cellulose. 

TJie present communication deals with an attempt to 
coni])arc the celluloses of two water-] )lants, which were 
available in (juantity, with the standard, cotton cellulose. 
Jn comi)arisons of tliis kind, a difficulty always met with 
is that of i)rci)aring a ])roduct which can rt*asonably be 
regarded as a ])ure cellulose. The two plants examined, 
Otidia ovalifolia and Eichornia crassipes, j)roved to be no 
exception to the general rule. Wlien a number of the 
r(‘cognised metiiods for isolating celluloses were applied to 
these ])lants, products were obtained which yielded 
ti'iacetates wliose optical rotations differed widely from 
the accej)ted standard of [«]y= -21 to -22“ of cotton ceL 
lulose triacetate. It was apparent, however, that the 
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employment of these methods had not led to the isolation 
of ‘‘pure celluloses/’ since certain supplementary treat- 
ments i)rofoundly modified the properties of the products, 
eventually brin^iiiCp^ them much closer to the standard. 

The followiiiji: Four metliods were adopted: — 

(1) The A\aslied l(‘aves were boiled for lialf an hour 
witli 1 ])(*!• (‘(‘lit. sodium liydroxide solution. The dark- 
eoloured, finely dividinl mass was waslied well with water 
and tluni subniitt(‘d to the action of chlorine ^as, aftcT 
which it was ajrain waslunl with wat('r and extracted with 
boiling’ alcohol. The chlorination and (*xtraction with 
alcohol were repeated. 

(2) (Cross and Ihwan’s method.) The washed heaves 
were boiled with 1 p(*r cimt. sodium hydroxide solution 
and chlorinat(^(l as in imdhod (1). Aftcu* washiim’, the 
•chlorinated material was imimu'sed in a cold 2 per cent, 
solution of sodium sulpliite, which was then heat(xl to 
boiling for two or three minutes. After filtering and 
washing th(» chlorination and extraction were repeated. 

(.‘1) After the initial alkaline treatment, the material 
was boiled for IJ lioiirs with 2 jier cent, suliihuric acid, 
before chlorination and extraidion with sodium sulphite as 
in method (2). 

(4) (c.f. Link, J.A.C.8. 1929, 51, 2506). The air-dried 
leaves were shredded and (extracted in a Soxhlet apparatus 
for 24 liours with 95 per cent alcoliol. After removal of 
tlie solvent by a current of dry air, the material was 
further extracted for 26 hours, with 99 per cent, alcohol. 
It was again dried, and was tlien extracted for 26 hours 
wdth benzene. At this stage the material was ground in 
a corn mill and passed through a 30 mesh sieve. After 
washing with hot vater it was allowed to remain for 29 
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lioiirs, with occasional stirring, in contact with 1 per cent, 
ammonia solution. After washing with water a further 
17 hours treatment with 1 per cent, ammonia solution was 
a])])lie(l. The material was then chlorinated and treated 
witli sodium sulphite as in method (2). 

Methods (1) and (2) yielded products from which con- 
siderable ([uantities of furfural could be obtained by 
distillation with 12 per cent, hydrochloric acid. A sup- 
])lementary extraction with 2 per cent, sulidiurie acid, as 
a])pli(Hl in the ease of Posidonia (J. Chem. Soc. 192.‘h 123^ 
.*12211), caused a loss in weight of .‘10 to 40 per cent., which 
Avas not rej)eated on further extraction, hi tin* case of 
Off cl id c(‘llulose a prolonged treatment (10 hours) with 
boiling 12 jAer c(‘nt. sodium hydroxide solution was found 
also to bring about a loss in weight of over .^>0 jier cent. 

The celluloses obtained by the various means were com- 
pared as befor(‘, (Arneman and Earl, loc. cit.) by 
determining tin* oj)tical rotations of the triacetates pre- 
pared by Harnett’s method. 

Sinct* thert‘ is ahvays the possibility tliat any chemical 
tr(*atni(‘nt ajiplied to a c(*llnlose may bring about a certain 
amount of break-down of the molecule, it Avas considered 
advisable to determine the viscosities of solutions in 
chloroform of each of the triacetates under examination. 
A marked lowering of the viscosity might be interpreted 
as indicating molecular degradation. Tt should be noted, 
hoAvever, that the values given indicate merely floA\^-times 
in a particular viscometer, and can in no Avay be regarded 
as absolute, reproducible results. 

The results obtained are summarised in the folloAAung 
table, values for wheat-straw and cotton celluloses being 
inserted for comparison purposes: — 
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Table I. 






[ Triacetate 

Triacetate 


Method of 

Cellulose 

from acid- 

from alkali- 

Material. 

Extraction. 

1 Triacetate. 

1 treated 

treated 




j Cellulose. 

Cellulose. 




Videos- 

1 VlflCOS- 
I ,tv* 


ViscoS' 



I«Ib 

itv* 

ity* 

Ottelia mfalifolia 

.. 1 

-3.9 ' 

163 

( -16“ I 72 

1 -16.75“ 

T—t 

96 

Eichornia crassipc^ 

.. 1 

-6.4 

164 

-15“ 77 

— 

— 

a 

.. 2 

-10 

113 

-16.25“ 68 

' 

— 


.. 3 

f -16.2B 

94 

— 1 — 

1 

— 

» >1 

) -18.5 


— — 

— 

— 

»» >» 

.. 4 

-20.4 

73 

— — 

— 

— 

Wheat Straw . . 

.. 2 

-33.75 

99 

-25“ 89 

— 

— 

Cotton . . . . 

. ^ — __ 

-21.4“ 

136 

-20.5“ 6.5 

— 

— 


* Time of flow in seconds of 0.8 per cent, solution in chloroform at 20®C. 


Variations in tlie application of tlic acetylation method 
have little effect on the optical rotation of the triacetate 
of cotton cellulose, but, in fjeneral, the lonjrer the duration 
of the operation, the lower the viscosity of the triacetate 
produced. Treatment of cotton cellulose prior to acetyla- 
tion with ] per cent, sulphuric acid at 90°C for one hour 
lowered the vis('Osity of the triacetate considerably, and 
repetition of the tri'atment caused a slijrhtly {greater lower- 
ing. In this comparison, summarised in Table II, the 
triacctates were prepared under carefully standardised 
conditions. 

Table II. 

Material Triacetate 


Untreated cotton c<‘llii]ose 

-21“ 

Viscosity 

436 

Treated once with acid 

-19.7“ 

181 

Treated twice witli acid 

-19.3“ 

153 


* Time of flow in seconds of a 2 per cent, solution in chloroform 
at 26°C. 

It is jirobable, therefore, that in the water-plants under 
examination, the celluloses are identical with cotton cel- 
lulose. The inevitable association of other materials with 
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tlie celluloses, prevented ‘‘pure celluloses'^ from being 

isolated, and the acid treatments j*(»sorted to caused some 
molecular degradation with a conseciuent low(‘ring of both 
optical rotation and viscosity of the final cellulose triace- 
tates. 

Thanks are due to Science and Industry Endowment 
Fund for a contribution towards the expenses of this 
investigation. 

Department of Organic Chemistry, 

The University of Sydney. 
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J>I1VSI()011APHV OF THE J5ATIIUPiST DISTRICT 
OF NEW SOUTH WALES. 

By C. A. SussMiLCH, F.G.S. 

(With Plates I and II and two Text P'igures.) 

(Read before the Royal Society of New South Wales, Jtdy 1, 1931.) 

T1j(‘ r(‘"j()ii r('t*(‘rred to in tliis p»])ei* oeeurs in the State 
of Now Sontli Wales immediately to tlie west of the Blue 
Mountain tablidaiid. It ineludes the eastern i)art of the 
County of Bathurst, the south-western i)art of the County 
of Roxburgh and the nortli- western i^art of the County of 
Westmorland. Where these three eounties meet tliere lies 
the eity of Bathurst, approximately in the centre of the 
region to be described. Tlie main western railw^ay line 
traverses tlie centre of this region from east to weni. 

That ]>art of tliis region which in this pajier is called 
the Ihithurst Senkungsfeld is an approximately rectangu- 
lar area uith its longer axis about 22 miles in length, 
lying in a north north-western direction; its east-west axis 
is about PI mil(‘s in length. This region has a general 
elevation of about 2400' and is surrounded on all sides 
by liiglnu* tabl(‘lands; its approximate extent is shown on 
the map— Fig. 1. To the north, west and south-west lies 
the Orainre tableland with a general elevation of about 
dl ()()'. To the east lies the Mt. Lambie tableland (the 
w(*stern j)ortion of the Blue Mountain tableland) with a 
gmieral (‘levation of about 4100', while to the south-east 
lif'S the Oberon tableland with an elevation of about 3600'. 
The junction between the Bathurst Senkungsfeld and the 
surrounding tablelands is always a well-marked scarp, the 
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chancre in elevation between it and its surroundinpfs boinj; 
everywhere an exceedingly abrupt one. The surface of the 
Bathurst Senkungsfeld is, in all its main topographical 
features, essentially similar to that of the surfaces of the 
higher surrounding tablelands and these will now be 
described in detail. 

1. The JUithnrsf Senkungafehh —Owing to its gentle 
topogra])hy this region is frequently referred to as the 
Bathurst Plains. This name is, however, a misnomer, as 
the surface is not a plain but consists of a series of broad, 
rounded ridges separating moderately wide, sliallow, ag- 
graded valleys. The ridges rise to a general elevation of 
about 300' above the flood plains of the valleys, and the tops 
of these ridges represent a peneplained surface cut out of 
the granite and associated strata during the <*arlier part of 
the Tertiary Period. The rock underlying this region, 
except for a few small areas near its margin, consists 
entirely of granite of a moderately acid variety; it is 
exceptional, however, to find outcrops of this granite in 
the Senkungsfeld proper neither in the stream cliannels 
nor on the ridges. Everywhere the ridges are mantled 
with a thick accumulation of weathered granite, while the 
valley floors are covered with a thick deposit of alluvium. 
The railway cuttings show the granite to be completely 
weathered to depths of upwards of 20 feet. Nowhere 
within the confines of the Senkungsfeld are the main 
streams actively eroding their channels. All the stream 
channels are aggraded. The whole of these features sug- 
gest an old and thoroughly mature topography. 

This region is drained by the Macquarie river and its 
tributaries; the Macquarie river, here known as the Pish 
river, enters the Senkungsfeld at the south-east corner 
near the township of Tarana, where it emerges from a 
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deep valley cut into tlie Oberon tableland; from hero it 
flows in a general nortli nortli-Avest direction in a broad, 
shallow valley with an extensive flood plain (see Fig. II) 
until it reaches the north-western corner, wljere it imme- 
diately enters a gorge 1000' deep cut into the Orange 
tableland. So wild and rugged is the valley of the Mac- 
<liiarie river beyond this point that no road follows it for 
any distanee in this direction and to reach settlements 
lower down the river, one has to take a roundabout course 
over the Orange tableland. 

The surface of the Bathurst Senkungsfeld is not deflnite- 
ly level but appears to be tilted upwards to some extent 
towards tin* bounding fault scarps at certain localities. 
In the neighbourhood of Bathurst the general level of the 
peneplain is 2400' but along its eastern margin notably 
round about Wambool railway station, the general level is 
about 2550' to 2600'. 

At its south-western corner this tilting is i)artieularly 
marked wliere the railway ascends from the Bathurst 
Senkungsfeld to the Orange tableland, but is (juite absent 
further to the east, where the road from Bathurst to 
Eockley crosses the scarp. 

Eising above the general level of the Bathurst Senkungs- 
feld are the Bald Hills, a group of isolated hills in the 
neighbourhood of Bathui'st, whose highest point reaches 
an altitude of 2852', that is about 500' above the general 
level and 700' above the Bathurst railway station. The 
highest of these hills is capped with basalt about 200' 
thick and underlying this there is a bed of alluvial wash 
about 15' thick, which in tarn rests upon granite. These 
hills represent a residual of the older tableland out of 
which the peneplain, which forms the surface of the 
Bathurst Senkungsfeld, has been eroded. It corresponds 
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to similar r(‘sifhials which occur on the Oranj?e Tableland, 
such as The Brothers, 3737' in altitude, which will be 
referred to in the next section. Similar basalt-capped 
residuals also occur, rising above the Blue Mountain 
Tableland, sucli as Mt. Tomah, Mt. King George, etc., all 
about 500 to 550 feet above the general peneplain level 
in this region. 

2. The Orinufc Tableland . — This has a general altitude 
of about 3100'. Its surface is not flat but consists of a 
series of broad, mature, aggraded valleys separated from 
one another by well rounded ridges, the latter all rising 
to a general level of about 3100'. The following is a list 
of the trigonometrical stations occurring in the region 
whose altitudes are available: 


Evenden 

.... 8245' 

Kockley 

. . . . 3050' (approx.) 

Torrens 

. . . . 3173' 

Colville 

. . . , 3286' 

MfC’ann 

. . .. 3181' 

Aberfoyle . . . . . 

. . . . 3036' 

l^iper 

. . . 3149' 

Rankin 

. . . . 3198' 

Merrions 

. . . . 3222' 

Wyagdon 

.... 3328' 

Tambaroora . . . . 

.. .. 3124' 


These are all on the peneplain level, i^me few of them 
rising slightly above it. 

This 3100' level represents the surface O'f a great pene- 
plain, developed during the early part of the Tertiary 
I)eriod, not only in this region but throughout the eastern 
part of New South Wales. The villages of Milltliorpe 
(3131') and Spring Hill (30870 are situated on this leveL 
Rising above this level there are some higher hills, such 
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as The Brothers, three isolated hills in th(‘ parish of The 
Brothers, the hif>*hest of which is 8737' in altitude. Other 
lii^lier points are Moorilda Trif?. Station, 8502' in altitude; 
Clarke Trij.?. Station, 8578' in altitude; and Mt. Macquarie, 
3948' in altitude. These are residuals of an older tableland 
out of wdiieh the above-mentioned peneplain has been cut. 
Near the towrishi]) of Orange is an important <?roup of 
still higher hills called the Canoblas Mountains, the 
higliest of which reaches an altitude of 4576'. These latter 
are not residuals of the older tableland but are a grou]) 
of extinct volcanoes built up on the peneplain surface 
late in the Tertiary y)eriod. 

The broad, mature valleys already referr(‘d to average 
about 800' in depth below the tableland surface and are 
all well aggraded. They have been cut out of highly 
inclined louer palaeozoic strata as well as in i)laces out 
of Tertiary basalts. The town of Orange (2846') lies 
in one of these mature valleys, as also does the town of 
Blayney (2844'). 

Mature valleys of this kind occur throughout Eastern 
Australia wherever undissected portions of the uplifted 
Tertiary peneplain still survive; they occur at all alti- 
tudes according to the amount of uidift which has taken 
place; they have been referred to by Mr. E. C. Andrews^ 
as the ^‘Upland Valleys,” and arc considered to have been 
forjued late in the Tertiary period, before the ui)lift of 
the present tablelands. 

Such streams as flow from the Orange tableland on to 
the Bathurst Senkungsfeld are in the higher tableland 
entrenched in youthful valleys. The youthful nature of 
these valleys changes very suddenly into mature valleys 
where they leave the scarp which separates the higher from 
the lower tableland. As already mentioned, this Orange 
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tableland lies to tlie west of the Ratluirst SenkungsfekI 
and swings round its northern side, where it joins on to 
the llillend-Ilargreaves tableland, whieli has a similar 
elevation and ^^hieh is in fact an eastern eontinuation of 
tlie Orange tableland. It also borders it on the south- 
west(*rn side, vliere it joins up with tlie Oberoii tableland- 
Fi*om this latter, however, it is separated by a definite 
scarp, marking a change from a 3100' elevatioji to a 3700" 
elevation. 

Throughout the Orange tableland the underlying rocks 
consist mainly of highly inclined Ordovician and Silurian 
strata, mainly slates, limestones and tuffs. These rocks, 
as compared with the granite underlying the Bathurst 
Senkungsfeld, are w^eak structures. Overlying these lower 
palaeozoic strata there is in places, particularly round 
about the town of Orange, a thin veneer of Tertiary 
basalt 200' to 300' in thickness. 

3. The Mt, Lamhie Tableland , — This lies to the east of 
the Bathurst Senkungsfeld and has a general elevation of 
about 4100'. The following are some of the trig, stations 
ill this region: Mt. Lambie, 4219'; Mt. Tarana, 4178'; 
Ovens trig, station, 4164'. The rocks in this tableland 
consist mainly of lower palaeozoic strata of Silurian and 
Devonian age, including quartzites, slates, limestones, clay 
stones and tuffs. There are also some considerable areas 
of granite, particularly round about Yetholme, part of the 
same bathylith which underlies the Bathurst Senkungsfeld. 
The Devonian quartzites are very resistant rocks, but they 
do not cover a very large area, and the rocks of the region 
as a whole are not of a resistant character. Owing to its 
higher elevation, particularly as compared with the 
Bathurst Siuikungsfeld, this region has undergone con- 
siderable dissection during the present cycle of erosion, 
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the lower block fornuiij? a temporary base-level of erosion 
for the higher block, but some remnants of the original 
pene})lain surface still remain and tliese disjday similar 
surface features to those of the Orange tableland. Imme- 
diately to the east of the village of Yetliolme some of the 
(‘haractcristic ‘'upland valleys^’ occur 300' below the 
general level of the tableland and Tertiary basalt is found 
similar to that occurring near the town of Orange. Such 
streams as drain from this area westwards into the 
Bathurst Senkungsfeld arc entrenched in deep, rugged 
gorges. This Mt. Lambic tableland is really the western 
margin of the Blue Mountain tableland, the whole having 
a definite tilt towards the east. The wliole of this region 
will be described in more detail in a later paper. 

4. The Ohenm Tahleland . — This occurs at the south- 
eastern margin of the Batliurst Senkungsfeld and is really 
a slightly down-faulted portion of the Mt. Lambie table- 
land (here known as the Jenolan tableland), its general 
altitude is about 3700' and its geological structure and 
topography are essentially similar to that of the Orange 
tableland. 

5. Fault Scarps . — The change in elevation from the lower 
Bathurst Senkungsfeld to the higher surrounding table- 
lands is remarkably abrupt, the margins everywhere being 
marked by a steep scarp separating the lower and higher 
tablelands. It is suggested that these scarps are all tectonic 
scarps. The most prominent of the scarps is that which 
forms the western margin of the Mt. Lambie tableland, 
the latter having an altitude of about 4100' as against an 
altitude of 2400' of the Bathurst Senkungsfeld. The scarp 
here is not a simple one. As one travels eastwards from 
Bathurst there is first a very steep rise on to a bench a few 
miles wide with an altitude of about 3000' (Plate I, Pig. 4). 
The Yetholme trig, station, with an altitude of 3157', lies on 
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this bench (Plate IT, Pi". 5). Prom here there is another 
very abrupt rise to the Mt. Lambie tableland. This rise is 
not very noticeable on the main road, because this follows 
a valley cut in tlie higher tableland. The western margin of 
the Mt. Lambie tableland therefore appears to be marked 
by step-faulting, the first fault, which might be called the 
Yetholme fault, having a throw of about 1000' to the bench 
on which the Yetholme trig, station stands (Plate II, 
Pig. 6), the second one, the Wambool fault, having a throw 
of about 5r)0\ the two faults having a combined throw of 
from loOO' to 1600'. The narrow bench between the 
Wambool and Yetholme faults has been very much dis- 
sected (Plate I, Pig. 4) and in places has been very largely 
removed, particularly where the main streams emerge from 
the Mt. Lambie tableland on to the Bathurst Senkungsfeld. 
In some places, notably near Wambool, large valleys have 
been cut along the line of the Yetholme fault and have thus 
partly isolated the lower 3000' bench from the higher Mt. 
Lambie tableland. 

The scari)s Avhich mark the junction of the Bathurst 
Senkungsfeld with the Orange tableland, although not so 
high, are just as pronounced and are probably also due 
to faulting, the throw of the fault here being about 700. 
It is quite possible, however, that along this western 
margin warping may have taken place to a considerable 
extent, as has previously been pointed out in the south- 
western corner where the railway line ascends the s(*arp, 
so that the scarp here may be due to (a) faulting (h) 
monoclinal folding, or (c) a combination of both; which- 
ever of these is correct, the fact remains that the scarp is 
primarily a tectonic one. 

At present the writer can present no direct geological 
evidence of the existence of these faults. Owing to the 
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complex geological structure, such evidence could only bo 
obtained by the preparation of a detailed geological map 
of the Avhole region and the existence of these faults is 
suggested therefore from purely physiographic evidence. 

If this suggestion with regard to faulting is correct then 
the Bathurst region is a typical Senkungsfeld or ^‘Sunk 
Land,” as originally suggested by Mr. E. C. Andrews.^ 
It is not suggested, however, that it actually subsided 
but that during tlie elevation wiiich brought the present 
tabhiaiids into existence this })articular region lagged 
behind during the uplift and was therefore not uplifted 
to such a great height as the regions immediately sur- 
rounding it. The absence of lake-deposits on the lower 
block indicates that the differential movement must have 
been a relatively slow one, the Macrpiarie river cutting 
down its gorge in the Orange tableland block as fast as 
the latter was eleA^ated with respect to the Bathurst block. 
The physiographic evidence in support of the faulting is 
as follows : 

(/. The topography of the surface of the Bathurst 
Senkungsfeld is in a similar stage of development to that 
of the higlier surrounding tablelands. 

h. While active erosion is being carried on by all the* 
main streams in the surrounding tablelands, no such 
erosion is taking place to-day by these streams wdiere they 
cross the Bathurst Senkungsfeld. 

c. The streams w^hich enter the depressed region liave 
youthful valleys in the higher blocks and the Macquarie 
river, where it leaves the depressed region, leaves it by 
means of an almost impassable gorge ; within the 
Senkungsfeld itself, however, the valleys of all the streams 
are thoroughly mature, the main stream channels being 
heavily aggraded; this is particularly the case with the 
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llivoj* its(‘ir, which has extensive flood-plains^ 
ill tlH‘ neiji:hbonrhood of liatlmrst. 

d, Tlie scarps wliich separate tlie Bathurst Senkungsfeld 
from its surroundings are exceedingly steep and abrupt. 
They follow fairly straight courses, and no spurs extend 
from them into tlie lower region. 

(. These scar])s all display a very youthful topography 
as com]iared with the surfaces of the tablelands above and 
below them. 

It might be argu(‘d that this relatively low-lying region 
is dui‘ to differential (Tosion in weaker rocks. In the 
authors’ opinion the granite underlying this depressed 
region is not a weak structure as compared with the geo- 
logical structure of the surrounding tablelands; but is 
relatively resistant. Jn the higher tablelands, notably the 
Mt. Lambie Tableland, there are some belts of very re- 
sistant (|uartzites, but these latter are (juite limited with 
regard to the area they cover as coiiijiannl Avith the very 
ext('nsive development of Aveak Ordovician and Silurian 
rocks (mainly slates), Avhich occujiy the greater ])art of 
the surrounding tablelands. Some parts of the scarp on 
the eastern and north-eastern sides of the depressed region 
consist of the same granite as underlies the Ihithurst 
St*nkungsf(‘ld, and it extends for some distance back into 
these higher tablelands. Where this granite occurs on 
the sides of the higher tablelands, as, for example, from 
Yetholme to Tarana, outcrops are numerous, Avhereas such 
outcrops are exceedingly rare in the lower depressed 
region, and in this depressed region the granite is every- 
Avhcrc very de(»ply weathered. 

Dr. W. 11. BroAAme^ has suggested that, under conditions 
of loAv ])hysiographic relief, deej) and thorough decom- 
position of the surface rocks may be effected in the case* 
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of such ip^neoiis rocks as granite to depths of 400' or more, 
whereas this a(*tion would not take place to any notable 
depth in the ordinary sedimentary rocks. He states - 

“If now we imagine a region, which has for long been in 
the last stages of a cycle of erosion, to undergo uplift so 
that the peneplain or low-level region of very mature typo- 
graphy and of heterogeneous rock composition becomes a 
plateau, the new and the rejuvenated streams will attack the 
more deeply and thoroughly decomposed rock masses, 
leaving the less decomposed masses in relief. The differential 
rate of erosion is thus at first dependent not on the relative 
resistance of the various rock units to mechanical weather- 
ing and erosion so much as on the differential yielding to 
antecedent deep weathering.” 

11c states further — 

“If we now take the case of a chemically weak but 
mechanically resistant rock like granite, during the uplift 
following peneplanation, it would rapidly erode to the lowest 
level of decay, that is to its former water-table level. 
Thereafter erosion of the granite, though not entirely 
stopped, would proceed with extreme slowness and a kind of 
temporary base level of erosion would be established.” 

Could such a pi*ocess as tliis account for the physio- 
graphic features of the Bathurst districts What the 
present writer has called the ])ene plain level of the 
Bathurst District is liere 700' below the corresponding 
level of the Orang(' Tableland, so that we AVouJd have to 
assume that, just before the uplift which ])roduced the 
present tablelands, the granite ov<‘r the Bathurst area was 
decomposed to a depth of at least 700', but as no solid 
granite lias been exposed at the present time even in the 
base of the existing stream channels, which are 1300' 
below the ])eneplain level, the depth of decomi)osition of 
tlie granite would have had to be at least 1000', which 
seems to be an unwarranted assumption in this particular 
cas(\ A de(‘p valley has been developed in the granite 
•of the higher Mt. Lambie Tableland by Solitary Creek, 
one of the tributaries of the Macquarie Diver, during the 
present cycle of erosion, i.e., since the peneplain was up- 
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lifted ; but this valley is no more mature than the valleys- 
of otlier tributaries of the Macquarie Hirer, cut out of the 
sedimentary rocks of the Oranp^e Tableland. In both eases- 
the surface of the Bathurst Senkun^sfeld is acting* as a 
tempoi’ary base level of erosion for the tablelands drained 
by these streams. 

Differential erosion of the nature suggested could not ex- 
plain, in the writer’s opinion, the wonderfully regular 
system of mature ridges and ^‘Upland Valleys” developed 
on tJie surface of the Bathurst Senkungsfeld, which so 
closely jiarallel those on the adjoining Orange* Tableland, 
TOO' higlier, and which also compare just as closely 
Avilh similar features on the granite* tablelands of other 
])arts of New South Wales Avhere the* peneplain surface 
is still undissected. 

The fact that the borders of the Bathurst Senkungsfeld 
to a v(*ry large extent correspond to the boundaries of the 
Bathurst granite bathylith would seem to indicate that the 
junction of the bathylith with the surrounding sedimen- 
tary rocks Avas a line of weakness, and that during the 
uplift Avhich produced the present tablelands, the bathy- 
lith as a whole tended to lag behind, displacement and 
conseciuent faulting taking place along the junction. 

As com])ared with other Senkiingsfekler, the Bathurst 
(*xample is somewhat umnsual both with regard to its shape 
and its actual size ; as previously stated, it measures about 
22 miles by 19 miles, and is therefore nearly square in 
sha])e. With regard to size, some smaller examples occur 
in the Tnited States as described by W. M. Davis.4 One 
of these is Deep Spring Valley in the Inyo Mountains on 
the border of the States of California and Nevada ; its 
dimensions are 12 miles by 5 miles, and its surface is from 
1000 ' to 3000 ' below that of the surrounding highlands. 
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Another exain])le is the Salina Valley in the same rejyion, 
which measures 25 miles by 10 miles, tlie mountains on one 
side of its risin^^ 6000' above its surface. 

The 8.y(lney S(*nkiin^sfeld of New South Wales is some- 
what larpjer, its dimensions being* about 40 miles long by 
20 miles wide. 
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Exj*lanation of Plates. 

Plate .1 

Fig. 3. — Valley of the Macquarie River at Bathurst The 
ridge in the middle distance rises 300ft. above the flood plain. 
The Mt, Lambie tableland is faintly shown on the sky line. 

Fig. 4.— View looking east from the Bathurst Senkungsfeld 
towards the Mt. Lambie tableland. Li the foreground are 
the mature valleys and ridges which characterise the surface 
of the Bathurst Senkungsfeld. In the middle disUnce is the 
3,000ft. bench partly dissected. In the background is the 
fault scarp which forms the western margin of the Mt. 
Lambie tableland. 

Plate II. 

Fig. 5, — View of the Mt. Lambie tableland looking north- 
north-east from the Bathurst-Tarana road. On the sky line 
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to the left is the 3,000ft. heiich, and to the riglit the higher 
Mt. Lambie tableland. 

Fig, 6, — The Yetholnie fault scarp inunediately to the 
north of the Bathurst-Yetholme road. 
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ON A SPECIMEN OF FOSSIL TIMBER 
FROM THE 

SYDNEY HARBOUR COLLIERY. 

By R. T. Baker. 

With Plates III- VI. 

(Read before the Royal Society of Mezv South Wales, Aug. 5,’ 1931.) 

Introduction. 

This spceuiien was discovered by Mr. D. Scully in this 
mine ill 1898 at a depth of 2,225 feet, and noticing distinct, 
white markings radiating from the pitli, niiich resembling 
medullary rays, he was under the impression that it was an 
*^Oak^’ — a vernacular name applied in Australia to the 
sjiecies of the Genus Casuarina of the Natural Order, 
Casuarinea^. A microscopical examination showed, how- 
ever, tJiat these white markings are due to the presence of 
calcium carbonate as explained below. 

Tile attention of the author was .drawn to it by an 
article writt(‘n by Mr. Scully on fossils, in which he referred 
to this “find” under the name of “Oak,” and states that 
when he arrived at the surface the whole specimen had 
been approjiriated. 

At the time of the “find” Mr. J. L. C. Rae was the 
manager, and he iirocured a piece, which he very kindly 
presented to the author, in order that a scientific investi- 
gation might be undertaken, and for which kindness the 
author herewith expresses his gratitude. However, suffi- 
cient sections for microscopical examinations were obtained 
without destroying the facies of the specimen, leaving two- 
thirds of the original complete in the circumferential area. 



SPECIMEN OF FOSSIL TIMBER. 


97 


Mr. Rae states that ‘‘it was found in a band of hard, 
greenish, micaceous sandstone which extended from a depth 
of 2,219 feet to 2,^322 feet ; the broken off ends remaining in 
the wall of the excavation on each side of the shaft at 
practically its full diameter, so that the total length of 
the fossil stem ])rocured w^as about 20 feet.^’ 

Its original shape is excellently preserved, showing that 
it had not been subjected to any crushing strain, or if it 
had, the coating of calcium carbonate had enabled it to 
resist such pressure. 

General Description of the Specimen. 

The piece of fossil timber upon which this research is 
founded, was sawn off when the log came to the surface. It 
is almost circular in form, measuring in the longer axis 
inches, and in the shorter one, 2J inches, and inches 
in thickness (Plate III., Figs. 1 and 2). Both faces had 
been ])olished. In Fig. 1 it is shown in perspective, whilst 
Fig, 2 gives a front view of the transverse section showing 
the two kinds of material of which it is composed, viz. : the 
dark, black, inner portion, being the fossilized timber, and 
the outer, pale coloured band composed of calcium 
carbonate. 

No bark has been preserved; the black substance on the 
outer edge is not that material, but portions of traeheids 
displaced by the calcium carbonate. The pith is not in the 
centre of the wood, but its position is indicated by the small 
white spot towards the upper left of the centre ; the annual 
rings are not seen in this surface. The rings of white spots 
are calcium carbonate in the traeheids, or canals in trans- 
verse section of this substance. 

No oil or turpentine cells, canals, channels or passages 
were found throughout the xylem material examined. 

G— August 5, 1931. 
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That portion of the wood between the nearest part of 
the circum terenee and the pith, represents the slow fyrowth 
of the stem, whilst iix the opposite axis to this, the quicker 
growth, due to the external conditions of cold and warmth 
respectively. From this view of the specimen it is seen 
that the enlcinm carbonate dei)osit is most j>rononnced on 
the cooltT side of the tree’s environment, and gradually 
peters out at the extremities exposed to the warmer condi- 
tions that prevailed during the life of the tree. The same 
substance occurs in tlie pith. 

To tlie top, left and right of the pith (Plate III., Fig. 2), 
are shown two white radial lines; these are channels con- 
veying the calcium carbonate from the vertical canals of 
the xylem, to be deposited on the exterior of the stem, in 
the form of columns seen in transverse sections (Plate IV, 
Fig. 3), in which figure can also be seen to the right and 
also low^er left of pith, rays filled with calcium carbonate. 

Description of the Timber Structure. 

This portion of the specimen is particularly well pre- 
served, scarcely an organ of structure being wanting to 
enable it to be systematically d(‘scribed. The central (*olumn 
or pith has almost entirely been replaced by calcium car- 
bonate, and only a few spiral vessels and parenchyma 
tissue have been preserved in that part of the stem or 
primary xylem and in juxtaposition to that mineral. 
Xylem parenchyma is entirely absent. 

(a) Transverse Section. 

The tracheal structure is uniform throughout the prim- 
ary and secondary xylem area. 

The annual rings are well marked (Plate IV., Pig. 3, and 
Plate V., Pig. 5), the dark autumn growth being quite 
prominent, and producing a distinct line of demarcation 
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l^etween it and the spring? growth, and these number about 
six — the api)roximate age of the tree — the two outer ones 
being half an ineh ai)art, thus indicating tliat tlie tree was 
a rapid grower for its age, and lieight of stem. Tiie others 
gradually lessen in width towards the centre, whilst one 
or two seem to p(‘ter out and so do not eoinpie1(» tin* circle. 

The medullary rays are very numerous, fine, and more 
often than not, are filled with calcium carb()nate, and so 
probably acting as ducts to coiiV(‘y that substance from 
the pith to the vertical channels or to the outer surface of 
the stem. 

The tracheids as seen in section, show iinsat variety of 
iihape, ranging from triangular to circular oi* rectangular, 
but mostly are irregularly hexagonal or j)entagonal. The 
rows of tracheids vary in number between th(» rays, from 
s. few, up to 25 or even over .30, Only in just a very few 
tracheids was a v(*ry jiale brown deposit detected (vide 
remarks under radial section). 

(d) Fadial Scclion. 

The medullary ray parenchyma, like the r(*st of the 
structure, is well preserved, and is characterised by thin 
walls in which, on the radial surface, are pitted cells vary- 
ing in number between each track eid, but mostly there are 
two of the.se cells, with an oblique slit. 

On the radial walls of the tracheids, are well formed and 
prominent bordered pits, in all instances in uniseriate rows 
the full width of the lumen, circular in shape, not ad- 
Iiressed, and with a circular depression in tlie centre. No 
bars of Sanio were seen. This feature is in accord with what 
obtains in the Australian Genus Callitris^ and so, in this 
feature at least, shows no connection with the Australian 
Genera Araucaria and Agathis, They can be seen in 
Plate V., Pig. 7, and more prominently so in the more 
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highly magnified Plate V., Fig. 8. Tn the centre of 
Plate V., Fig. 9, the walls of the traclieids appear to be 
broken, but this feature is due to bordered pits on the 
tangential walls being cut in section. 

These bordered pits occurring in the tangential walls 
(Plate V., PTg. 10), are a very unusual feature in Conifers. 
(c) Tangential Section. 

The end-on view of the medullary rays (Plate V., Fig. 
10), shows how numerous they are. All are uniseriate, 
varying in number of divisions from a few up to a dozen 
or more, and generally are filled with caleiuni carbonate. 
The unique feature of this section is the presence of uni- 
seriate rows of bordered pits in the tangential walls similar 
to those shown in Plate V., Fig. 8. 

Calcium Carbonate. 

As stated above, in a cross section the specimen is seen 
to consist of two well defined substances, i.e., the black part 
comi)rising the fossil timber, and the outer, broad, light 
coloured band composed of a number of well defined con- 
centric accumulations. 

An analysis of this material, as given below, showed 
that it is almost completely composed of calcium carbonate. 


Calcium carbonate 96.000% 

Magnesium carbonate 0.005% 

Oxides of Iron and Aluminium . . 3.720% 

Silica 0.268% 


Nor is it restricted to the exterior of the wood, but is 
found also to permeate or occur in the pith channels or 
canals radiating from this centre through the xylem to the 
exterior surface (Figs. 2, 3, 4, 12, 13), and also in vertical 
canals of varying diameters, and it is from these that the 
exterior deposit of calcium carbonate obtained its supplies. 
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In Plate III., Fig. 2, and Plate TV., Pig. 4, it is shown to 
occur as small white spots in concentric circles around the 
pith, and on a high magnification shows a coalescence, and 
thus forming portions of a ring. Plate T\\, Fig. 3, shows a 
number of vertical canals of calcium carbonate, connecting 
wdth a horizontal canal conveying this mineral to form a 
concentrically built column at the top right outer edge of 
the xylem, and in so doing, it may be noted that it has 
pushed out at least two or three rows of the tracheids of 
the last annual ring. The one on the right is displaced 
veiy much more so. dust above the pith are tliree smaller 
vertical canals in section, and to the left of the pith is a 
cluster of these, the inner ones forming a ring. 

This i)late also shows the well defined annual rings. 
Plate III., Fig. 2, illustrates a cluster in cross section of 
the concentrically built columns of calcium carbonate on the 
exterior surface of the stem, the curved narrow black bands 
removed from their centres are displaced xylem tracheids, 
whilst Plate VI., Fig. 15, shows in the centre a cluster of 
removed tracheids producing a tessellated effect. 

Plate VI., Fig. 13 shows a transverse section of a vertical 
canal with calcium carbonate as it was received from the 
tracheids, the central supply being indicated by the radiat- 
ing lines, from the two rows of compressed tracheids wliich 
very much resemble the transfusion tissue which supplies 
silica to the leaves of Dicotyledoneous plants. The dark 
boundary is composed of displaced tracheids. Plate VI., 
Fig. 14, is a vertical section showing that these features are 
truly canals — the whole of the white body. 

These exterior columns of calcium carbonate are eventu- 
ally backed by a mass of crystalline carbonate of lime, in 
which also are found detached pieces of tracheids (Plate 
III., Pig. 2, and Plate VI., Pig. 15). 
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Now, ill view of Newton’s statement in his Princijiia Rule 
I. . . . ‘‘That Nature does nothing in vain,” one naturally 
asks, then, for what purpose or object was this substance 
built up by the tree, for it would be put tliere to serve 
some object in its life history. 

One is hardly justified in looking upon it as a valueless^ 
physioloj?ical structure, but rather as one of f?reat import- 
ance to its very existence. 

Warminfr, in his “Etudes sur la famille des Podoste- 
maceaj” — plants of which Natural Order all grow in swiftly 
flowing rivers and streams, and which, therefore, reciuire 
to be specially protected against the shearing action of the 
violently agitated water, believes that Silica cells and Silica 
corpuscles jilay a mechanical part in the life of plants of 
this Natural Order. 

It is universally accepted that the Coal Measures were 
laid down in water — stagnant most probably — and as this 
tree coated itself with calcium carbonate it may perhaps be 
inferred that it grew at the inlet or outlet of such W’ater, 
and thus had to provide itself with a mechanical contri- 
vance to resist “the shearing action of the running water” 
just as in the case of the Podosfemacea\ 

And this plan of construction is further supported by 
its regularity and design for strength, by building this 
su[)porting “wall” in columns, and these again protected 
by an outer layer with a comparatively smooth surface, and 
so deflecting the oncoming water, or to withstand adverse 
external climatic conditions. 

Man to-day has produced a replique of this handiwork 
of nature, for the engineer builds similarly when construct- 
ing the ends of wharves exposed to heavy seas and gales, 
little thinking that nature anticipated his designs untold 
ages ago. 
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Traumatic deposits they cannot be, for these are laid 
down without any order or system — ^just a jumble of exuded 
substances, as for instance, Kino and Resin. 

One can hardly imagine it as a wsvSte product as in the 
case of calcium oxalate crystals found in the wood of some 
Dicotylcdoneous woods. 

This tr(‘e had a further physical weakness in that the 
tracheids would be frail, having bordered pits on both 
radial and tangential walls — perforations not conducive to 
strength. 

In addition to giving the tree strength, it also served 
anotJier purpose — protecting it against cold weather con- 
ditions, for it is on the side exposed to such that it has its 
greatest thickness. 

Nature has provided the non-Conifers-I)ieotyledons, 
with an organ which serves the mechanical purpose of giv- 
ing the tree strength, and so in that case there is no neces- 
sity to call in the aid of an extraneous substance. 

That it was traumatic can hardly be ejitertained, for it 
surrounds the whole stem, and also that it was supplied by 
channels deeply set in the xylem of the annual rings, and 
even direct from the pith itself. Further, had it been a 
wound right round the stem it would have had an injury 
equivalent to the modern method of “ringbarking” a tree, 
and so died before so heavy a deposit could have been 
completed. 

Manganese Compound. 

A reference is made above of the occurrence of a light 
brown coloured substance in the tracheids (Plate V., Fig. 
6). Now this is the manganese compound first recorded as 
occurring in the wood of Australian living Conifers by 
Baker and Smith in “Pines of Australia.” In the many 
instances of its occurrence, illustrated in that work, it is 
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always shown as long, cylindrical deposits in both the 
tracheids and ray parenchyma, but in this wood it occurs in 
the tracheids only, and as small spherical bodies. This is 
the first instance, as far as the author knows, of its ever 
having been recorded in this shape, and further, this is 
also the first record of this substance occurring in a fossil 
timber. They are shown in a central traeheid in Plate 
VI., Fig. 11. 

It is quite possible that these indicate a very ancient 
ancestral feature. 


Discussion. 

The histological characters are so well preserved in the 
specimen that no difficulty was experienced in systemati- 
cally placing it as of Gymnospermous origin. 

Its homogeneous structure was helpful in working out its 
differences, affinities, and similarities, from or to described 
species of fossil timber by the various palceontological 
authors. 

No attempt was made to place it under the heading 
Badoxylon, a too comprehensive term, in the Author ^s 
opinion, in view of our present extensive knowledge of 
living Coniferous timbers, and was proposed, so the Author 
was informed, ‘‘to include wood having pitted ducts where 
the wood may he equally of the Cordaitean or Coniferous 
type.’^ 

It cannot be placed with the Cordaites, for as Scott states 
(New Phytologist, Vol. I., 1902), “they are anatomically 
on tlie same level as recent Cycads^^ — a group of plants 
with which this fossil specimen has little or no connection 
in its structure, nor has it crowded bordered pits as obtain 
in that group of plants.* 


Jeffrey: Anatomy of Woody Plants, p. 289, pi. 22 & 48. 
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Again, Scott, in his work “Extinct Plants,'^ p. 149, 
states: “In the lower Carbonaceous Flora all traces of 
Cyeads are absent, and it is probably from this geological 
area, in view of the chemical analysis, that the fossil speci- 
men of this paper belongs. Further, the disposition of the 
bordered pits and other features differentiate the Sydney 
specimen from the Film', CupnHsinoxylon and Cidroxylon. 

Amongst modern Conifers it certainly differs from 
Araucaria anatomically, and in this respect also from 
Dacrydiam, Podocarpus and Aga^his. 

Its nearest affinities are with the Genus Callitris, both 
in the arrangement of the bordered pits, nature of tracheids. 
ray parenchyma, annual rings and presence of the man- 
ganese compound, as well as the entire absence of oil canals. 

The presence of the calcium carbonate, on the outer sur- 
face and in the wood texture, has never yet been recorded 
as occurring in the wood of any living CaUiiris nor any 
Australian Conifer. Amongst these, its wood structure more 
closely resembles that of CaUiiris arcnosa, a native of the 
North Coast of N.S.W. and Southern Queensland. 

The presence of the calcium carbonate would appear, 
according to Geikie and other authors, to place it geologi- 
cally as from the Lower Carboniferous series, and if this 
determination be correct, then, according to Scott, Joe, cit. 
supra, p. 150, true Conifers have not been previously found, 
then this Sydney specimen is probably a record of a Conifer 
from that period. 

Seward, in his Fossil Plants, 1917, Vol. 111., figures and 
describes a Coniferous species founded on a specimen 
obtained from the Priestly Glacier by the Northern Party 
of Captain Scott ’s Second Antarctic Expedition, and gives 
it! generic and specific rank under the name of Antarcii- 
coxylon Priesilcyi. 
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Now, ill comparing the Sydney specimen plates and 
description with this species it is very noticeable how many 
features these two specimens have in agreement. Seward 
states tliat his specimen was imperfectly preserved (com- 
pressed), and so the primary xylem is too imperfect to 
admit of any satisfactory comparison as regards this tissue 
wutli otlier types, and this remark applies to the Sydney 
specimen ; however, almost all the other features are 
similar, or at least appear so, notwithstanding its having 
been distorted out of its original protundity. Its chief 
difference appears to be that it is a silicified stem,'’ which 
the Sydney siiecimen is not, and also having double as 
\Nell as single rows of pitted cells. *‘Only single rows were 
found in the sections examined, although other parts may 
have double rows," but judging from the diameter of the 
tracheids, it is very doubtful. Medullary rays are identical 
in both cases, as well as the secondary xylem. 

In describing his species, Professor Seward states: ‘‘An 
interesting feature seen in transverse section of the second- 
ary wood is the occurrence of light bands concentric with 
the rings of growth, which are broadest near the long axis 
of the stem. In their narrowest parts these bands are 
clearly due to partial destruction of the secondary 
tracheids. ' ’ 

Now that fairly well describes a similar phenomenon in 
the Sydney specimen, Plate III., Fig. 2, Plate l\^, Pigs. 3 
and 4, for those “bands" or rings correspond to similar 
rings ill the Sydney species, but in this case (seen macro- 
scopically ) , are composed of separate white bodies, and yet 
microscopically they are seen in places to be continuous or 
coalesce, and so perhaiis continuity in the Antarctic speci- 
men may possibly be due to the compression to which the 
specimen had been subjected during the past ages. In 



SPECIMEN OF FOSSIL TIMBER. 


107 


Plate IV., Fijy. il, tlio substance of which these rings is 
composed is seen coalescing, and thus forming a ring. 

Tn Plate TIT., Figs. 2, 4, Plate TV., Figs. 3 and 4 of this 
paper are shown channels extending from these canals con- 
veying the calcium carbonate to tlie out(T surface of the 
stem, and similar features are shown to tlie left and top in 
Seward's figure (loc. cit.). 

If Professor Seward had had a more perfect specimen 
upon which to work, it would probably have been found 
that what are thought to be leaf traces would prove to be 
silica channels corresiionding to the calcium carbonate chan- 
nels in the Sydney specimen and the “crushed parenchyma 
tissue” referred to as “traumatic” may possibly be 
tracheids detached by the silica, for they very much re- 
semble in character and disposition those found in the 
Sydney specimen. 

Ijike the Antarctic fossil, the Sydney one is wanting in 
bark. 

As these two specimens have thus several specific fea- 
tures in common, the Sydney specimen has been systemati- 
eall}" i)laced in the Genus Avtarcticoxylon, with the species 
name of Baii, after Mr. J. L. C. Kae, to whom the author 
is so much indebted for the specimen upon which this 
investigation has been carried out. 

As the geological age of the Antarctic siiecimen is not 
known definitely, it may eventually be found, in view of sn 
much agreement in structure, as now shown to exist in the 
two, that they are of the same period. The main difference 
between the two is the presence of silica and calcium car- 
bonate respectively in each. 

It is well known amongst geologists that fossil plants and 
their parts are often found incrustated, and their parts 
permeated with calcium carbonate, which acts as a pro- 
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servative, and sometimes forming a perfect east of the 
plant, the presence of this substance being attributed to the 
influence of water saturated with calcium carbonate. 

Whilst this latter may be true in some cases, yet tlie 
author is of opinion that in some instances it is present in 
excess in the soil, in which case it is broken down by the 
root hairs and passed into the plant structure for the pur- 
pose of (1) building up the cell walls, and (2) encasing the 
tree for self preservation, and these two are illustrated in 
the Sydney specimen. 

Under no circumstances is the author prei)ared to admit 
that it is a valueless structure — in fact, nothing is a value- 
less structure in nature, and further, if the tree didn’t need 
it, the root hairs would not absorb it. 

In this case one sees a splendid system of mechanism, all 
the parts of the tree working as a machine, in order to 
triumph or overcome adverse conditions of environment. 

It is generally thought that the calcification and silici- 
fication of fossil wood takes place after the tree has died, but 
it is difficult in this case to understand how such took 
place after the tree was dead, for then the root liairs were 
dead also, and so could not function, that is, dissolve the 
calcium carbonate and pass it into the tracheids, displacing 
the cellulose (if such existed) of the walls, and substituting 
the carbonate of lime, and further, depositing it in the 
outside of the tree. 

Then one is faced with the mystery as to why nature does 
not let the wood decay or rot, and so be saved all this 
labour, for as far as we know, this preserving of the timber 
serves no purpose in nature, and also whence comes the 
mechanical power which forces the calcium carbonate 
through and through the whole wood structure, if the root 
hairs are dead? 
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As stated above, the calcium carbonate is not evenly dis- 
tributed on the exterior surface of the tree, beinj? far more 
heavily deposited on one side than the other, a circumstance- 
which well illustrates Rule I. in Newton’s Principia; — 
** Nature does nothing in vain, and wore is vain when less 
will serve,” and so more is required in this case to resist 
adverse climatic conditions, and less serves on the side 
facing the sun. 

Turning from the pointer-readings, and concentrating on 
what can only be inferred by the mind to explain this ar- 
rangement of calcium carbonate by nature, one wonders 
whether this deposit in the tree indicates a period in ar- 
boreal life when trees had no bark — a material later intro- 
duced perhaps by nature to protect the new internal 
structure and tender C'ambium, for this latter appears to- 
be absent from fossil trees. 

It may be mentioned that amongst living trees, the bark 
of “Grey Mangrove,” Avicennia officinalis, as such, is^ 
negligible, there being no cambium to protect, but in order 
to resist the shearing action of the water of tidal rivers, 
nature builds the stem with a ply structure — the only one 
of its kind in the whole botanical world. (Vide paper by 
the author, Roy. Soc. A.S.W., Vol. XLIX, 1915). 

In conclusion, one may quote the words of Professor 
Judd: “We still regard fossils as the medals of creation — 
representing periods like ancient coins.” 
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Explanation of Plates. 


Plate HI.— 

Fig. 1. — A perspective view of the specimen of fossil timber 
from the Sydney Harbour Colliery. Nat. size. 

Fig. 2. — An end view of above. The light coloured portion 
is calcium carbonate. Slightly enlarged. 

Plate IV.— 

Fig. 3. — Upper portion of Fig. 2. The annual rings are 
clearly defined, the darker circles marking the autumn growth, 
the lighter areas the spring growth. To the left, the clusters 
of circular bodies are calcium carbonate canals and from the 
pith is seen a horizontal channel extending to the outer sur- 
face of the stem. Medullary rays are seen to be very fine 
and numerous. X2. 

Fig. 4. — Structure surrounding the pith more highly mag- 
nified. The body below the pith is not a leaf trace but a 
calcium carbonate canal. X3. 

Plate V.— 

Fig. 6. — Transverse section through portion of the timber. 
The dark area of tracheids marks the autumn growth of an 
annual ring, the lighter upper portion, the spring growth. X40. 

Fig. 6. — Transverse section through spring growth, show- 
ing the variation in the number of rows of tracheids between 
the rays — white lines filled with calcium carbonate. In a few 
tracheids, manganese compounds can just be detected. ^40, 
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Fig. 7. — Radial section showing (1) uniseriate rows of 
bordered pits in centre tracheids, (2) rays with simple pits 
and absence of Abietiness markings. X35. 

Fig. 8. — A higher magnification of Fig. 7, showing more 
clearly the bordered pits and simple pits in the ray 
parenchyma. X40. 

Fig. 9. — A radial section showing how the tracheid tangen- 
tial walls are weakened by the numerous bordered pits (in 
section). X40. 

Fig. 10. — A tangential section showing bordered pits on 
tangential walls and end-on view of rays mostly filled with 
calcium carbonate. X50. 

Plate VI.-- 

Fig. 11. — A radial section showing on centre tracheid 
black spherical bodies of the manganese compound, a unique 
form, as it usually occurs in a continuous body. X40. 

P'ig. 12. — Transverse section showing shape and contour of 
pith and surrounding primary xylem. X35. 

Fig. 13. — A transverse section through a vertical canal, 
showing how calcium carbonate is discharged into it from 
a few rows of tracheids (see also bottom Fig. 3) much re- 
sembling the transfusion tissue of Angiosperms. The black 
band surrounding the calcium carbonate is composed of dis- 
placed tracheids. X40. 

Fig. 14. — Radial section through a vertical canal of calcium 
carbonate, showing xylem structure on each side of it. X40. 

Fig. 15. — On the right, a mass of calcium carbonate with 
displaced tracheids scattered throughout this substance. X40. 

Fig. 16. — A higher magnification of the outer edge of the 
calcium carbonate shown in Fig. 15. 
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NOTES ON BATIIYLITIIS AND SOME OF THEIR 
IMPLICATIONS. 

By W. R. Browne, D.Sc., 

Assistant-Professor of Geology, University of Sydney. 

(Read before the Royal Societv of Neiv South Wales, Aug, 5. 1931.) 

Introduction. 

The term hathylith was orif^inally employed by 
Suess* to si{?iiify larp:e masses of plutonic igneous rock, 
which, he believed, were cake-like in form, and filled pre- 
formed open spaces in the earth ^s crust. Later he assumed 
for tlieni a shape and a mode of origin which postulated 
their extension downwards to unknown depths. 

Since Suess^ time very varied conceptions of the origin, 
mode of emplacement and shape of these masses have been 
expressed hy different geologists. Daly* has devoted 
considerable attention to these matters, and has en- 
deavoured to give more precise significance to the term 
by summarizing the general characteristics of bathyliths 
and by assembling and describing maps and sections 
of a number of such intrusions. A consideration of 
the examples cited by Daly and others makes it clear 
that there have been grouped under one general heading 
intrusive masses differing from each other in many 
respects, and evidently brought into position under very 
different circumstances; and from time to time indications 
have been forthcoming that investigators have been in 
doubt as to the propriety of describing certain intrusions 
as bathyliths. 
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A(l«nis and Barlow% following: Lawson, used the term 
in eonnection with their Haliburton-Ban croft work ‘‘to 
desigiimte g:reat lentic*ular-shaped or rounded bosses of 
granite or gneiss, wliich are found arching up the overlying 
strata through which they i)enetrate, disintegrating the 
latter, and wliich possess a more or less distinct foliation, 
which is seen to conform in general to the strike of the 
invaded rocks when these latter have not been removed 
by denudation.’’ 

Some authorities are opposed to the description of rock- 
masses like these, which exhibit concordant instead of 
cross-cutting relations towards the invaded formations, as 
bathylitbs; nevertheless there seems on the whole a general 
tendency among geologists to describe under this head all 
large jilutonic intrusions, whether transgressive or not, 
which are of such dimensions, and whose field-relations are 
such, as to prohibit their classification as sills, laccoliths, 
dykes or similar types. Since there is no agreement, and 
little prospect of agreement, about the shape and under- 
ground relations of bathyliths, and since indeed these 
may vary in different cases, it is best in the present 
state of our ignorance to exclude any particular connotation 
as to shape, relations to invaded rocks, or mode of emplace- 
ment from the use of the term. 

In a posthumous paper by BarrelB a useful distinction 
is drawn between orogenic and plateau bathyliths, the 
former comprising those which are associated with 
regionally-metamorphosed sediments and have been in- 
jected under conditions of tangential or horizontal com- 
pression, the latter those that have been injected at a time 
when vertical crust-movements were dominant. 

In a later paper by Billings^ these types are referred to 
as synchronous and subsequent bathyliths respectively, 

H— Auguft 6, 1931. 
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these descriptions having reference to tiie contemporane- 
ity or otherwise of intrusion with orogenic epochs. 

According to Balk‘d, Gorman geologists distinguish be- 
tween gneissoid granites, which appear as elongated 
masses ])arallel to the regional trend, and granites proper, 
which exhibit cross-cutting relations. These differences in 
behaviour are regarded as significant; they have been 
interpreted by Professor Cloos in a paper which, unfor- 
tunately, is not available to the present writer. Balk, 
apparently, does not consider the masses of gneissoid 
granite as true bathyliths. 

The recognition of two main bathylithic types according 
to the tectonic conditions prevailing at the time of injec- 
tion is extremely important and very necessary, since, 
while all bathyliths appear to be associated in time with 
mountain-building epochs, as Daly has observed, there is 
plenty of evidence that the actual conditions attending 
the injection of the magma may differ very materially, 
and the differences are reflected in the external relations 
and internal characters of the intrusive masses. 

The necessity for distinguishing two main types of 
abyssal intrusion having become apparent, some revision 
of Daly's summary of characteristics is called lor. 

From a study of some of the pertinent literaturi*, and 
from the examination of a number of both synchronous 
and subsequent intrusions in this State and elsewhere in 
Australia, the author is moved to put forward some 
generalizations with regard to them. 

Characters of Synchronous Bathyliths. 

Synchronous bathyliths generally show all or most of 
the undermentioned characteristics: — 

(a) There is constant association with schists or other 
regionally-altered and highly-folded rocks. 
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(b) Boundaries are steep or vertical in section, in plan 
parallel or sub-parallel with the strike of the enclosinj? 
rocks but often ill-defined throu{2:h gradation from the 
invading into the invaded rock ; outcrops are marked- 
ly elongated parallel to the axis of folding, and peri- 
pheral lenses may be numerous. 

{c) The roof is highly irregular, tending to fray out into 
sills and parallel lenses and tongues. 

(d) Gneissic structure is commonly developed in the igne- 
ous rock, either primary alone or primary and second- 
ary, the banding or foliation being parallel to the 
boundary of the intrusion and sometimes varied with 
minor crinkles and contortions. 

(e) Abundant pegmatite is generally present, both as 
peripheral IH-par-lit injections and within the mass as 
contemporaneous stringers and as definite dykes. 

(f) rnehisions are common, elongated parallel to the walls 
and the gneissic banding, and not deorientated. 

(g) No hornfelsing of the country-rock has occurred, 
though this may have sufTered much alteration 
through impregnation (granitization). 

(h) There is little or no indication of serial differentiation 
in the intrusion, but pegmatite and gabbro dykes may 
appear, possibly as complementary differentiates; 
dynamic differcmtiation through scpieezing out of resi- 
dual magma may also be api)areiit. 

(i) Minerals like andalusite, sillimanito, cordierite, garnet 
and e])idote may be present in the granitic igneous 
rocks, either through contamination or as primary 
crystallizations. Some local modification of the 
granite through incorporation of country-rock may 


occur. 
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Characters of Subsequent Bathyliths. 

The followiii^^ are the ehief contrasting characters of 

subsequent bathyliths : — 

(a) No necessary association with regionally-metamor- 
phosed rocks is observed; the country rock may be 
only moderately folded. 

(b) Boundaries are mostly sharp, and cross-cutting rela- 
tions general, though there may be local concordance 
with the enclosing strata; outcrops are irregular in 
plan. 1 Peripheral lenses are absent, but there may be 
dyke- and sill-apophyses. 

(c) Indications may point to the roof having been fairly 
flat, or irregularly domed. 

(d) The granite is in general massive, though marginally 
it may have directive structures. 

(e) Lif-par-lit injection is scarce or absent, and there is 
a general scarcity of pegmatites, except as segregation- 
veins, but fine-grained aplites are common, sometimes 
accompanied by lamprophyre dykes. 

(f) Inclusions are angular and deorientated. 

(g) Where the country-rocks have not suffered much 
previous metamorphism a contact-aureole is present, 
with typical contact-minerals, not usually, however,, 
of very high-temperature formation. 

(h) Extensive serial differentiation is indicated, often with 
evidence of more than one injection of magma. 

(i) Contamination through incorporation of country-rock 
is not in general noteworthy. 

Notes on Synchronous Bathyliths in N.S.W. 

The data concerning the synchronous bathyliths in this 

State have been obtained mainly from a study of occur- 
rences in the Barrier Ranges, and on the Monaro plateau 
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around and to the north of Cooma, as well as from a brief 
examination of the granite at Albiiry. 

The first have been the subject of detailed mapping and 
investigation by the Government Geologist, Mr. E. 0. 
Andrews, and his assistants^, and a study of the maps 
accompanying the Memoir on the area reveals very strik- 
ingly the field-characters of the igneous intrusions. The 
Willyama (Archaeozoic) Series, dominantly of politic 
sediments, was highly metamor])hosed and folded, and in- 
jected by granitic gneisses, witli accompanying gabbros 
and pegmatites, probably at the close of the Willyama 
period of sedimentation. The granites and some of the 
gabbros have a marked primary gneissic .structure, often 
with a eataclastic foliation superimpose(|. Tlu* sill-habit is 
by far the most common for both acid and basic rocks 
about Broken Hill, but outcrojis suggesting phacoidal 
forms are also common, especially for the granite-gneisses, 
around which in places the sedimentary schists are seen 
to be bent. Transgressive boundaries are i)ractically if 
not entirely unknown, and indeed the structures of domes 
and basins in tlie sedimentary series are indicated by the 
intercalated sills of granite and gabbro. 

In his sections across tiie area Mr. Andrews makes it 
clear that he conceives all these linear outcrops to be parts 
of a few far-flung narrow parallel intrusive sheets or 
layers of igneous material which have taken part in the 
folding of the whole terrain and then been revealed hy 
erosion; the same view is stated more or less explicitly 
in the text of the Memoir. 

The impression gained by the author from a personal 
examination of much of the area, partly under the guidance 
of Mr. Andrews, is that the igneous intrusions as we see 
them to-day are substantially in the same attitudes and 
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orientations as when they were first consolidated, and 
that the majyma was forced or insinuated up along pre- 
existing planes of weakness, during the folding of the sedi- 
mentary rocks, but after their regional metamorpliism had 
been accomplished. 

This is shown by the primary gneissie foliation of the 
granites, by the intimate interleaving of sillimanite-schist 
with granite-gneiss and by the presence in the gneiss of 
inclusions of schist and of metamori)hic minerals derived 
therefrom. In the sills the foliation is generally vertical, 
though it may dip at low angles where there has been local 
buckling of the strata ; in the phacoidal oxitcrops the planes 
of foliation may dip inwards or outwards at steep angles. 

It is rather unfortunate that there is no dissection of 
the Barrier Ranges of sufficient magnitude to afford some 
clue as to the relations in depth between invading and 
invaded formations, but it appears most reasonable to 
suppose that the various sills and lenses connect down- 
wards more or less directly to one or more large masses of 
granitic magma underlying the whole central part of the 
Broken Hill area, from which they were originally forced 
up concordant] y along the bedding-i)lanes of the altered 
sedimentary rocks. Indeed some of the larger roughly 
lenticular outcrops of imrphyritic and non-porphyritic 
primary granite-gneiss might themselves be regarded as 
small synchronous bathyliths, or as protuberances from the 
upper portions of such bathyliths. 

At Cooma, Ordovician schists with a meridional strike 
are invaded by two related granitic intrusions, both 
probably of late-Ordovician age*’ 9. The earlier of the two 
appears almost entirely in the form of innumerable narrow 
concordant sheets or sills. The second intrusion, which is 
the more important and extensive, is in places massive, but 



BATHVLITHS AND SOME OF THEIR IMPLICATIONS. 119 

elsewliere has marked primary banding. It makes a con- 
tinuous outcrop in and about the town, and to the east its 
boundaries are more or less sharp, but to the west away 
from the main mass there are abundant narrow sills and 
lenses of gneiss or granite. The solid outcrop also frays 
out into tongues and sills to the north, and these appar- 
ently join into two separate parallel sill-like masses which 
may be traced to a point about 15 miles north of Cooma, 
where they are cut off by a later intrusion in which frag- 
ments of gneiss may be recognised for a further eleven 
miles at least. It is inferred that the solid outcrop at 
Coonia is a portion of the main bathylithic mass, that the 
outlying lenses and sills are upward penetrations from the 
roof, and that the northward extensions, if they could be 
followed downwards, wwld be found to unite into one 
mass continuous with that exposed at Cooma. 

Lii-par4it injection of the schists by pegmatitic material 
is very marked at Cooma, and in addition the schists have 
been thoroughly soaked by magmatic fluids and graiiitized. 
At Broken Hill, lit-par-lif injection of the schist is not so 
miiclj in evidence, possibly because of the abundant mantle 
of alluvium and blown sand round the igneous masses, but 
there is in places an abundance of pegmatitic stringers 
through the gneiss itself, and at the margins there may be 
such interleaving with the country-rock and such an ap- 
parent gradual passage from sedimentary schist to igneous 
gneiss that an actual boundary between them is very diffi- 
cult to draw. 

At Broken Hill, Cooma and Albury the presence of 
aluminous minerals in the granites is quite a striking 
feature. In the first locality little lenticular aggregates of 
sillimanite about a couple of inches in length, sometimes 
longer, often surrounded by a rim of sericite, are quite 
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<jommon as marginal enclosures in certain of the more 
acid igneous rocks, while cordierite is a constituent of 
some pegmatites and aplites. The sillimanite lenses seem 
to be essentially similar to those described by W. J. Miller*® 
as occurring included in a granite in New York State. 
Garnet in various stages of disruption is also found in 
certain phases of nearly all the granitic rocks. Of the 
Cooma gneiss cordierite and sillimanite are quite common 
and notable constituents, while sillimanite alone has been 
found in the Albury granite. Undoubtedly the presence 
of some of these minerals is due to incorporation of 
country-rock by the magma, though in other cases they 
appear to be primary crystallizations. 

Another common feature of the synchronous bathyliths 
is the presence of marginal inclusions of country-rock 
which are very much elongated and have not suffered 
deorientation. These are not so evident at Cooma as about 
Broken Hill, where, along the margins and even near the 
centres of the granite-gneiss outcrops, there have been 
found these elongated inclusions of country-rock, some 
recognisably of sedimentary origin, but others of altered 
basic igneous rocks, which may easily be mistaken in the 
field for concordant sill-like intrusions through the gneiss. 
An instructive section through the granite-gneiss is to be 
found in a cutting on the Menindie railway-line at Broken 
Hill, a small portion of which is illustrated in Plate 
LVIll. of Mr. Andrew \s Memoir. The basic rocks, here, 
gabbros and amphibolites, are in part no doubt intrusive 
through the granite-gneiss, but some would appear to be 
basic schists which antedate the gneiss, and which were 
intimately penetrated by the granite-gneiss magma during 
its intrusion. 

In some instances it may be that the masses of country- 
rock which appear as inclusions owe their present orienta- 
tion to their having been softened and pulled out in the 
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flowing magma, but in other cases it seems evident that the 
magma made its way by a process of ‘‘peaceful penetra- 
tion,’’ thin veinlets insinuating themselves outwards and 
upwards along planes of weakness in tlie schists, and 
gradually isolating very elongated masses which, though 
moved laterally, 'were moved so very uniformly that they 
never lost their orientation. Others again of these apparent 
inclusions which retain their original orientation may be 
really remnants of an irregular roof, like the “roof- 
pendants” described hy Daly. 

Examples of abundant orientated — or undeorientated — 
inclusions in granite-gneiss have been described and figured 
by Lacroix", Peach et Lawson", Adams and Barlow*^, 
Fenner", Bi]lings\ Tilley", and a host of other worlcers. 
So abundant in some bathylitlis are these incluvsions in all 
stages of disintegration and incorporation that Foye*^ in 
1916 was moved to suggest the term stromaiolH/i (layer- 
intrusion) instead of bathylith to describe those large con- 
cordant plutonic masses in which orientated inclusions 
form a conspicuous feature. The name does not appear 
to have come into general use, possibly because it tends to 
over-einphasize the part played by the layers of sedi- 
mentary rock in the intrusive mass. Nevertheless, the 
intimate sandwiching of innumerable veins or narrow sills 
of igneous material is undoubtedly an important feature 
of some synchronous bathyliths, 'where, indeed one may 
trace all gradations from igneous rock with linear inclu- 
sions of country-rock outwards into countrj^-rock intim- 
ately seamed with igneous veins. The present 'writer, how- 
ever, is inclined to regard these phenomena as being es- 
sentially marginal, either along the sides of the bathylith 
or at the top part where it frays out into an irregular 
roof, and not as being characteristic of the wdiole mass 
of the intrusion. 
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It is only in connexion with synchronous bathyliths 
that the antlior has observed true dylces of pagmatite, and 
especially the association of dykes of pegmatite and gabbro. 
Among the massive granite dykes of aplite, with or with- 
out complementary rocks, occur, but pegmatites appear 
mostly as segregation-veins. The conjunction of coarse 
acid and basic rocks cutting through the granite-gneiss, 
as at Broken Hill and Cooma, suggests a complementary 
relation. 

Acid gneisses are found, though not extensively, along 
the margins of the granite-gneiss intrusions at both 
Broken Ilill and Cooma, produced, it would appear, by 
dynamic differentiation like that described by Barrow for 
the granites of the South-Eastern Highlands^^. 

An intrusion which is of the synchronous type, but 
wliicli lacks some of the characters listed above, is the 
Ui)i)er Murrumbidgee bathylith, extending from Cooma 
nortlns^ards for about sixty miles into the Federal Capital 
Territory. Though it has not as yet been completely in- 
vestigated, sufficient is known of its occurrence to permit 
of its main characters being determined, and a short de- 
scrii>tioii of it has been given elsewhere^. It differs from 
the intrusions already described in its association with 
slate as well as schist, in the complete absence of lit-par-lit 
injection and in the surprisingly small amount of contact- 
metamorphism associated with it. Also, though peripheral 
lenses of the intrusion are locally numerous and the in- 
trusion frays out into a number of tapering tongues to the 
south, there is no shading-off or merging of intrusion into 
country-rock, and the boundary between invading and 
invaded rock is generally sharp. The main rock type 
is a quartz-mica-diorite grading into granite, but there is 
in places marked marginal development of very acid aplitic 
gneiss. Aluminous minerals produced by assimilation of 
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sediments arc lacking, but well-crystallized primary epidote 
appears to be a constant constituent, in the marginal 
quartz-diorite at all events. It would appear that the con- 
ditions of heat and dynamic pressure attending this in- 
trusion were less intense than in the other eases considered, 
and evidently the magma was less rioh in volatile con- 
stituents. 

A consideration of some of the characters of these in- 
trusions enforces tlie conelusioii that they were all injected 
after regional metamorphism had altered the sedimentary 
rocks, but while conditions of strong dynamic pressure 
still prevailed. 

Notes on Subsequent Bathyliths. 

The great majority of the known bathylithic intrusions 
in this State belong to the subsequent type, and the writer 
ha^ tried elsewhere*^ to show that in the main these belong 
to two main epochs of intrusion, the one at the close of the 
Devonian Period and the other near the close of the 
Permian, l^ut little has been done toward a systematic 
investigalion of these intrusions, and it is doubtful 
whether the complete boundaries of any one bathylith have 
ever been traced. However, the general characteristics 
attributed to this t}^^ of intrusion, as listed above, have 
been determined as a result of the partial examination of 
a number of examples in this and other States. 

Although it is true that massive granites are often found 
outcropping amid regionally-altered rocks, there are 
usually indications that tliese have received the metamor- 
phic impress long before the date of the intrusion, and 
have really formed the floor for the geosynclinal sedi- 
ments, now eroded away, which were folded just before the 
intrusion occurred. But it is probably the usual case that 
the granite has originally penetrated through the floor and 
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in amongr the just-folded sediments, and where these are 
found outcr()j)i)inj>: about the bathylith they may show 
little or no re«:ional metamori)hism, though eontaet- 
alteration may be marked. 

It is apparently not uncommon to find in the subsequent 
bathyliths, in addition to the predominant granite or 
quartz-monzonite, minor amounts of more basic rocks such 
as granodiorite, diorite, gabbro, pyroxenite and horn- 
blendite, and even peridotite, with intermediate connecting 
varieties. The consanguinity of these with the granite is 
clear on mineralogical and chemical grounds, and their 
field-relations may be such as to suggest a series of in- 
trusions from some more deep-seated reservoir of dif- 
ferentiating magma. Examples are furnished by the 
Moruya^^ and Ilartley^^ intrusions in this State and by the 
Meredith Range and other comjmsite bathyliths in Tas- 
mania.^‘^ In certain instances somewhat alkaline rocks may 
appear as final differentiates.^^* 

The very fact that this serial differentiation, whatever 
its mechanism, has been possible, points to the prolonged 
existence of tranquil conditions during the cooling of the 
magma. Moreover, the general absence of signs of regional 
metamori)hism in the surrounding sediments, and of 
directive structures in the igneous rocks themselves, to- 
gether with the cross-cutting relations of the intrusion, 
would indicate in the first place that conditions of com- 
pression had never been at any time very strongly marked, 
and, secondly, that compression had ceased and been re- 
placed by tensional conditions at the time of injection of 
the igneous magma. 

Depth-Variations in Habit and Structures of Bathyliths. 

It may be argued that, just as the unaltered sedimentary 
rock may grade downwards into phyllite and schist as a 
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result of deep burial, so the massive transgressive granite 
of the subsequent bathylith may pass at depth into gneissic 
granite and granite-gneiss with the concordant habit of the 
synelironous intrusions — in other words that the differences 
in habit and appearance of the two types of intrusion as 
seen in outcrop are simply functions of depth of erosion. 
Barrel! {op. cif. pp. 5 and 6) considered that different types 
of bathyliths owe their distinctive characteristics to the fact 
that '‘they may have approached to within a few thousand 
feet of the surface of the earth, into a zone of fracture aiid 
rapid cooling, or they may have ceased their upward pro- 
gress at a depth of miles, while still in the zone of flow . . 

Blackwelder and Baddley^^ apparently had something 
similar in mind when they wrote that "cross-cutting rela- 
tion is characteristic of the more superficial parts of a 
bathylith and especially of those that approach nearer the 
surface, while at very great depth the marginal rocks be- 
come plastic and flow, making contorted gneisses. 

In both these quotations there appears to be the implica- 
tion that pressure and temperature are functions of depth, 
and dejith below the surface is emphasized as the control- 
ling factor in producing the distinctive features of syn- 
chronous and subsequent bathyliths. While this may be* 
regarded as in a general way correct, there are certain 
phenomena which tend to show that the habit and internal 
structure of the bathyliths depend not on the existence of 
some actual limiting depth, but rather upon the conditions 
of temperature, and particularly pressure, existing at the 
time of injection and at the level of injection, conditions 
which may change from time to time. The most striking 
illustrations of this fact within the author ^s knowledge are 
to be seen in the neighbourhood of Broken Hill, where the^ 
masses of granite-gneiss with concordant habit are inter- 
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sected by small boss-like outcrops of perfectly massive fine- 
grained granite, exactly similar to the surrounding gneiss 
except for the total absence of directive structures, and 
beyond r(‘asonab]e doubt derived from the same magma and 
injected during the same epoch of intrusion. It is a fair 
assumption that the load or depth of cover had not changed 
materially in the interval between the t\NO sets of intrusions, 
and the conclusion is enforced that the differences in habit 
and internal structure are the result of change in the pres- 
sure-conditions, the liorizontal or folding forces having died 
out and been replaced by tensional forces. 

The change from eompressional to tensional conditions 
after the consolidation of the main body of magma is also 
indicated by the existence of dykes of unstress(‘d ])egmatite. 
comagmatic with the granite, cutting across the primary 
gneissic foliation. 

In this connexion a statement of Dr. Ilarker has special 
significance. Commenting on Grubenmann^ assumption 
that regional metamorphism is related sim])ly to depth be- 
low the surface he remarks :*•» ^‘We can conceive ideally a 
globe in which the temperature, like the pressure, increases 
steadily downwards; but it is of the essence of metamor- 
phism that it is related to a very notable disturbance of this 
ordered state of things in some part of the earth’s crust.’’ 
In like manner the special characteristics of the synchronous 
bathylith, which is so closely associated with regional meta- 
morphism, are not to be related simply to the normal change 
in temperature and pressure conditions with depth, but 
rather to the same special and transient conditions which 
have effected the metamorphism. 

Nevertheless the habit of a plutonie intrusion, or its at- 
titude towards the enclosing rocks, though not necessarily 
its internal structures, may be in some degree dependent on 
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depth, and may be found to undergo a change when traced 
downwards. In considering the results of horizontal com- 
pression of a iiortion of the earth’s crust which lias been 
the site of a geosyncline it is necessary to distinguish two 
elements which in general behave differently towards the 
compressive forces. The first of these elements consists of the 
recently-de])osited sediments, now for the first time sub- 
jected to liorizontal compression; these become folded and, 
perhaps, cleaved and metamorphosed, and overthrust along 
planes of low inclination. The second element is composed 
of the rocks which form the floor or basement of the geo- 
syncline ; these have probably been eompr(\ssed and, it may 
be, strongly folded and metamorphosed during a much 
earlier period, so that from their attitude and condition 
they are now no longer capable of further folding, but act 
as more or less rigid masses wdiich can yield only or mainly 
by thrusting along shear-planes. If the basement rocks are 
old igneous intrusions the same will happen. Lawson^*' and 
J)y]y2f>. 27 of f]i(a opinion that underthrusting is tin* 
most likely method of yielding, and the former considers 
that the gliding surface should be concave downwards, 
gently dipping above, but steepening rapidly below. It 
seems at least arguable that overthrusting would be jusl as 
likely to occur, in which case the curve of the gliding sur- 
face would be reversed, with the concavity upwards, a stec]) 
dip above shallowing rapidly almost to horizontal ity be- 
low; this would harmonize with Keith ’s^^ conception of the 
attitude of these rock-partings. However, the important 
point is that there would be differential thrusting move- 
ments of blocks or masses of the basement. The j)lanes or 
zones of shearing, being very deep-seated, would naturally 
be very different from the flat overthrusts affecting tlie 
overlying folded sediments, and the intensity of the shear- 
ing would vary according to circumstances. The strikes of 
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the principal shear-zones would be more or less normal to 
the direction ot‘ horizontal pressure, and hence parallel to 
the axes of the folds produced in the overlying sediments, 
though not necessarily parallel to the strike of the base- 
ment-rocks, while there might be other minor transverse 
shear-zones, lieference to the shear-zones of the Barrier 
Ranges, which the author believes to have originated in this 
way, is made below. 

Now when, either during or after folding, magma w^as 
forced upwards, its passage w^ould be facilitated by the 
existence of the zones of weakness produced by the shearing 
and dislocation of the basement-rocks; its introduction at 
intervals along such shear-zones would therefore directly 
determine the general parallelism that so often exists be- 
tween the arrangement of the bathyliths and the strike of 
the sediments among which they were injected. On the 
removal of these sediments by erosion, however, the bathy- 
lith would be seen to have no parallelism with the strike of 
the surrounding basement-rocks, except, of course, in the 
case where this happened to coincide with the axes of fold- 
ing of the overlying sediments. Thus the orientation of 
an intrusion toward the country-rocks might be different 
in its upper and in its deeper parts. 

What w’ould appear to be an illustration of the foregoing 
principle is to be seen in the composite bathylith at Moruya, 
on the Soutli Coast of New South Wales. According to Miss 
Ida A. Brown,*® who has examined and mapped the area, 
the bathylith makes an elongated outcrop about three to 
four miles in width, which has been traced for twenty miles 
in a N.N.W. direction and extends much farther, the boun- 
daries of the mass being sub-parallel. The invaded rocks, 
of early Palaeozoic age, are closely folded along a 
meridional direction, so that the bathylith cuts obliquely 
across the strike of the fold of these rocks. There are, as 
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Miss Brown shows, reasons for believing that the intrusion 
is of Jate-Devonian age, and, as a matter of fact, about six 
miles west of Moruya and not far from the granite boun- 
dary, gently-folded Devonian sedimentary rocks outcrop 
witli a N.N.W. strike. The elongation of the batliylith, or 
of that part now remaining, is therefore parallel to the 
Devonian axis of folding, and it is the erosion of the roof 
.rocks that has revealed the basement of older close-folded 
strata on which they were deposited. It is not unreasonable 
to supi)ose that the position and trend of the intrusion have 
been determined by a zone, or a series of zones, of disloca- 
tion developed through these basement rocks parallel to and 
contemporaneously with tlie folds in the overlying Upper 
Devonian strata. 

Shape of Bathyliths. 

It would appear from a consideration of the circum- 
stances attending their injection, that the relations of syn- 
chronous and subsequent bathyliths towards the just-folded 
sediments will differ considerably, with a consequent differ- 
ence in the shape of the upper parts of the intrusions. 
Where the folding of these geosynclinal sediments has been 
so intense as to produce sub-vertical cleavage and schis- 
tosity the synchronously-injected magma would tend to be 
forced up along these planes of relatively easy progress, and 
perhaps, by assimilation and replacement, might make way 
for itself so as to form sheet-like or phacoidal masses which 
would be relatively narrow, since there would be a direction 
of minimum ease of progress at right angles to the planes 
of weakness. But where the sediments had not been 
severely folded and regionally altered there might be a 
strong tendency for the magma, especially if severe hori- 
zontal compression had ceased, to spread out more or less 
laterally when it had reached the level of the base of the 
geosynclinal sediments, since the inducements to vertical 
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progress would then not be so great. This lateral progress 
might be primarily directed by the surface of unconformity, 
or by flat planes of overthrust developed in connexion with 
the folding of the sediments, but much vertical progress 
might be made along planes of jointing and dislocation, 
and by means of overhead stoping. Thus the subsequent 
bathyliths might really be of the nature of great floored in- 
trusions, as imagined by Br</>gger29, Harker^® and Iddings^*, 
and as inferred by Cloos from field-observations, whereas 
the synchronous bathyliths, elongated and concordant, 
might be of the shape that Daly conceives all batliylitlis to 
have, with sides sloping steeply downwards, and extending 
without interruption or constriction to abyssal deptlis. 

Bathyliths and Mountain-Building. 

The association of bathyliths with regions and epochs of 
mountain-folding has often been stressed, and Daly has laid 
it down that ‘‘bathyliths are situated in a folded belt, and 
their date of intrusion has followed more or less closely an 
antecedent period of mountain-building. ’ ^ It would appear 
that in no case has a bathylith been found intrusive through 
Hat-lying, unfolded sediments, and it is fairly safe to as- 
sume that there is a close relation between plutonic in- 
trusion and crustal movements. But the differences be- 
tween synchronous and subsequent bathyliths are very 
great, and it is necessary to explain these differences in 
terms of environment, or conditions prevailing during in- 
jection, while at the same time relating both types of in- 
trusions to mountain-building movements, 

It seems to be agreed at the present time by many 
students of mountain-building^^ that the formation of the 
great mountain-ranges of the world is not in general due 
to folding alone, but is the resultant of two main move- 
ments. First, there has been tangential compression and 
folding of geosynclinal sediments, which may or may not in 
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itself have resulted in considerable elevation of the sedi- 
ments above sea-level. An interval of erosion seems to have 
■succeeded, followed eventually by a movement of preneral 
vertical uplift ; and it is this last which lias accomiilished 
most of the actual elevation of the mountain-ranj?e. The 
terra orogcnic lias therefore lost its strictly etymological 
significance of moftniain-huildhtg and must be employed 
simply to indicate folding^. Thouj^h the folding: and ver- 
tical movements may have been separated by a very long: in- 
terval indeed measured in years, they are to be reg:arded 
as phases of the one mountain-building movement, and ap- 
parently in the past it has happened that the compressional 
and tensional movements and subseipient extensive denu- 
dation of the elevated region have all been comjileted in the 
interval between one geological period and the next, this 
interval being a diastrophic epoch. 

It would appear not improbable that the distinctions be- 
tween synchronous and subsequent bathylitlis which may 
be attributed to environment are due to the fact that the 
former were injected during the first or compressive phajse 
of the mountain -building movement and the latter during 
the second or tensional phase. If this view is correct the 
terms synchronous^ and subsequent should have refer- 
ence to the contemporaneity or otherwise of the act of in- 
trusion with the compressional phase, and not with the 
mountain-building movement as a whole. 

Keith*® has argued that mountain-folding results from 
synchronous igneous intrusion, and BarrelP that regional 
metamorphism is largely due to the same cause, but in the 
author’s experience, certainly limited, there is clear evi- 
dence that considerable folding and regional metamor- 
phism have been accomplished prior to the emplacement o£ 
the synchronous bathylith, and this agrees with the obser- 
"vations of others.^ 
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In any case, on a priori grounds, the wonderful coin- 
cidence of the axes of synchronous intrusion with the strike 
of the folded beds is surely most reasonably to be explained 
as due to the folding forces having operated first, the mag- 
ma being injected along the direction and in the positions 
thereby determined, and, besides, the orientation of inclu- 
sions, the gneissic banding, and above all the development 
of acid fringes on the leeward margins of synchronous 
bathyliths, indicate that the magma was the passive play- 
thing of the orogenic forces rather than an active agent in 
producing them. But quite apart from all these considera- 
tions, cases have been recorded of moderate to intense fold- 
ing and strong regional metamorphism unaccompanied by 
any deep-seated igneous intrusion whatever. 

It would appear then that there are serious difficulties in 
the way of considering synchronous bathyliths as important 
factors in producing folding and the regional metamor- 
phism which often accompanies it. 

The case, however, is somewhat different when subsequent 
bathyliths are considered. If, as suggested above, there 
is some lateral spread of the magma at the upper levels 
along shear-planes or other surfaces of discontinuity, then 
the liquid magma under great pressure from below, and 
acting as a great hydraulic ram, may actually cause the 
broad gentle doming-up of the superincumbent strata on a 
regional scale, and so be an important, if secondary, factor 
in the second or uplift phase of the mountain-building 
movement. 

It is not clear why plutonic injections sliould sometimes 
accompany folding and sometimes succeed it, nor why the 
intensely folded and altered sediments should have syn- 
chronous intrusions associated with them, while the moder- 
ately or gently folded and little altered sediments should 
be invaded only by subsequent intrusions. 
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An explanation may, however, be attempted on the basis 
of the theory of mountain-buildin*]^ advanced by Joly.^^ 
adeems legitimate to assume that the thicker the accumula- 
tion of sediments in the geosyneline the greater will be the 
intensity of folding and metamorphism suffered by the 
lower portions of them on the collapse of the geosyneline, 
both by reason of the depth of the zone of weakness in the 
earth crust and because of the increased heat and pres- 
sure due to deep burial and the weight of superincumbent 
strata. The outcrops of highly folded and altered strata 
may therefore be looked upon as merely the remnants left 
by erosion of an originally very thick sedimentary series. 
Aiiparently thicknesses of as much as eight or ten miles of 
sediment have accumulated in some geosynclines before 
their final collapse. 

Joly considers that the transgression of the ocean waters 
over the land follows on a sinking of the continental 
granitic layer of the earth in the basaltic substratum when 
this latter has been liquefied as a result of the storing-up of 
radioactive heat. The formation of a geosynclinal trough 
on the continental layer presumably necessitates local de- 
pression of the lower parts of this layer into the hot basaltic 
substratum, and the subse(iuent collapse of the trough and 
folding of the sediments involve by way of isostatic com- 
piensation a further depression of the granitic layer, with 
probable liquefaction. According to Joly “in the great 
vertical pressures from beneath, which act on such a pro- 
tuberant mass, the mechanism which brings about intrusion 
of plutonic continental magmas into the heart of the moun- 
tain range finds direct and simple explanation.’^ These 
vertical thrusts are induced especially during the regela- 
tion of the basaltic substratum, when also vertical elevation 
of the folded sediments is produced. 
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Now if the j?eo.syncline be very deep the layer of 
jrranitie material underlying? its floor may be thinned and 
weakened to such an extent that when folding? of the sedi- 
ments takes place the fused lower portions of the continen- 
tal layer may be forced^ upwards througsli the shattered 
basement-rocks and among the folded sediments. Later 
when regelation of the basaltic layer causes the vertical 
phase of the mountain-building movement to occur, and the 
upper folded sediments are in a state of tension, the ver- 
tical pressure may force furtlier magma upwards through 
them to form subsequent intrusions. 

Where, however, there has been but little sagging of the 
crust, and a relatively shallow syncline has been formed^ 
only moderate folding and little metamorphism will result 
from lateral pressure. The solid granitic layer will not be 
seriously thinned either through depression of the geosyn- 
cline or through isostatic compensation on its collapse, and 
so there will be no intrusions synchronising with the fold- 
ing, only the granitic magma forced up by vertical pres- 
sure on regelation of the basaltic substratum appearing 
among the folded and elevated sediments. 

Some Implications of Bathyliths. 

The petrological study of bathyliths has received con- 
siderable attention, and there has been much speculation in 
regard to their mode of emplacement and their relations; 
with the invaded rocks at depth, but it would appear that 
the historical or stratigraphical aspects of their occurrence 
have been, relatively speaking, neglected. Doubtless this is 
due in part to the difficulties, so frequently encountered, of 
placing the intrusions chronologically, no less than to the 
fact that the record of the history of the earth’s crust is 
contained overwhelmingly, and is most clearly to be read, 
in the sedimentary rocks. 
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The importance of the igneous intrusions of pre- 
Cambrian times has been recognised in North America, be- 
cause such a very large proportion of the pre-Cambrian 
terrain consists of plutonic intrusives that they cannot be 
ignored. The same state of alfairs prevails in Western 
Australia, where the exposed formations are dominantly 
pre-(^ambrian, the bulk of these consisting of granitic rocks, 
with minor amounts of altered sediments and lava-flows. 
Though the Palaeozoic and later granites in Australia do 
not bulk by any means so largely, still they are of very 
considerable total areal extent, and are deserving of strati- 
graphical study. An attempt to place the larger igneous 
intrusives of New South Wales in chronological order was 
made by the author^ in 1929, and Professor E. W. Skeats^s 
has recently outlined a suggested chronology for the Palaeo- 
zoic granites of Eastern Australia. 

But apart from the petrological interests of our bathy- 
litlis and the intrinsic importance of the intrusive episodes 
of the geological story, the larger igneous intrusions may 
actually serve to throw liglit on geological events which are 
otherwise obscure, or whose direct record may have been 
utterly blotted out. Thus bathyliths may be of value not 
merely for what they are, but also for what they signify. 

The association of bathyliths, whether synchronous or 
subsequent, with folded sediments is so widespread, and the 
probability of a genetic significance in this association is so 
great, that it is not too much to say, from what is known 
of their occurrence, that bathylithic injection takes place 
only during some stage of the diastrophism that closes a 
cycle of sedimentation, and that the magma is introduced 
under and through the just-folded sediments. 

A logical corollary to this proposition would be that 
wherever a bathylith outcrops we may infer the former 
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presence, on or over that spot, of a series of preosynclinal 
sediments, terrestrial or marine, during wliose folding and 
elevation the intrusion of the bathylith took place. 

The consequences of granting this inference are impor- 
tant from more than one point of view. 

Altlioiigli it must inevitably haj^pen that the geological 
age of many bathyliths cannot be determined with any 
degree of accuracy, still there are many instances in which 
a fairly exact age-determination may be made, for example 
through the finding of other outcrops of the same mass, 
whose relations to the associated sediments are such as to 
afford age-indications, or through the existence of minera- 
logical, chemical or structural peculiarities in tlie rock itself, 
which point to correlation with other intrusions of known 
geological age. Now" i/ it is possible by any means to estab- 
lish the geological age of an outcropping bathylitli, then, 
even though the formation in connexion with whose folding 
and elevation it was injected has entirely disappeired 
through erosion, we may legitimately and confidently infer 
its former existence on the site of the bathylith. Thus the 
bathylith may have a certain stratigraphical and tectonic 
value, inasmuch as it supplies some information regarding 
former episodes of deposition and diastrophism, of which 
other and more direct evidence has been obliterated. 

The stratigraphical implications of plutonic intrusions 
lead on to an obvious palaeogeographical one. 

The palaeogeographer is concerned with determining and 
plotting the distribution of land and sea, of mountains and 
lowlands, of areas of erosion and areas of deposition, 
during different geological periods, and this he does very 
largely with the aid of geological maps showing the struc- 
tures and present-day boundaries of the sedimentary for- 
mations. 
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Where, however, the deposits belonging to any one geo- 
logical period have been removed by erosion over large 
areas, there may be difficulty in plotting accurately their 
original extent, and here the outcrops of batliyliths of 
fenown geological age may be of material service, inasmuch 
as they help to indicate sites of geosynelinal sedimentation, 
and of the resultant or subsequent folding, elevation and 
erosion. 

Significance of Some Australian Intrusions. 

Some of the foregoing statements w ill perhaps be better 
appreciated if a few actual examples be considered. 

(a) The Mundi Mundi Granites of the Barrier Banges, 
N.S.W. 

In the Barrier Ranges around Broken Hill, shear-zones, 
some upwards of 200 yards in width, are developed in great 
perfection and in considerable abundance through the 
Willyama (Archaeozoic) Series; their distribution can be 
well studied on the maps accompanying Mr. Andrews^ re- 
port. In places they cut across granite-gneisses, which are 
locally converted into cataclastic gneisses and into mica- 
schists ; elsewhere gariiet-sillimanite-gneisses involved in the 
sli earing have suffered retrogrevssive metamorphism into 
mica- and sericit e-schists, while gabbros pass into amphi- 
bole-schists. Both longitudinal and transverse shear-zones 
occur, the former being in some cases traceable into the 
latter, and the planes of schistosity are vertical or nearly so, 
while displacement of the affected formations is often 
marked where the shear-zone crosses the strike of the 
country. These shear-zones differ from ordinary overthrust 
planes in the width of the zone affected, in their approach 
to verticality and in the intensity of the shearing. 

Since the metamorphosed Willyama strata and the 
.granite-gneisses injected through them have been alike af- 
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fected it is evident that the shearinj? occurred after the 
epoch of foldinpr and injection that closed the Willyama. 
period of sedimentation. 

To the south-west, west and north of Broken Hill, as 
at the Umberumberka Reservoir and at Poolamacca, the 
Willyama Series is invaded by massive as distinct from 
gneissic granites; these are the Mundi Mundi granites of 
Andrews. Mawson^^ has described similar granites from 
Boolcoomatta, across the border in South Australia, which 
he regards as the equivalents of these Mundi Mundi 
granites. These granites are clearly much younger than 
the granite-gneiss; and according to Andrews their 
positions of injection have been determined by the shear- 
zones noted above. Directly overlying the granites, and 
containing boulders of them, are the late-Proterozoic tillites 
of Poolamacca and Boolcoomatta. 

In the Broken Hill Memoir it is argued that the 
shearing and folding of the Willyama Series are re- 
lated, and that the Mundi Mundi granites are comagmatic 
with the Broken Hill granite-gneisses, having been injected 
during a later stage of the eruptive epoch that closed the 
Willyama sedimentation. 

It is true that instances are known in which intrusions 
during the earlier part of a mountain-building epoch have 
been followed by others during the later part of the same 
epoch, when compressional forces have ceased to operate. 
But in the particular instance under consideration these 
later cognate intrusions are to be found, as pointed out 
above, in the shape of a number of boss-like outcrops of 
massive granite within the granite-gneiss, and some other 
interpretation must be sought for the Mundi Mundi and 
Poolamacca granites ; that favoured by the writer is some- 
what as follows ; 
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At the close of the Willyama sedimentation metamor- 
phism and folding: took place, with the intrusion of the 
grranite-gfneisses and gabbros, and snbsetiuently of the little 
bos'^es of massive granite during vertical uplift. A pro- 
longed period of erosion was followed by subsidence and 
further sedimentation in Barly Proterozoic times. This in 
its turn was ended by diastrophism, with folding of the 
sediments, shearing of the basement schists and gneisses, 
and injection of the Mundi Mundi and BoMcoomatta 
granites, largely along shear-zones, the main axis of in- 
trusion being perhaps somewhat to the west of its position 
ill closing Willyama times. The erosion that followed com- 
pletely removed the Early Proterozoic sediments and cut 
^fell down into the basement rocks, revealing the shear-zones 
and laying bare the Early Proterozoic granite. In Late 
Proterozoic times occurred the deposition of tlu‘ Poolamacca 
tillites and other rocks of the Torrowangee Series on top 
of the outcropping granites and schists. 

Thus, if the principle be accepted that abyssal injection 
implies precedent geosynclinal sedimentation and dias- 
trophism, we can infer from the pi*esence of these massive 
granites the deposition and folding of an Early Proterozoic 
sedimentary series, of which no traces remain upon the 
present surface. 

(fo) The post-Silurian Granites of Tasmania, 

These, with their attendant basic and ultra-basic rocks, 
are by far the most extensive, and important economically, 
of the plutonic intrusions in the island-State. They were 
formerly referred to as the Devonian granites, for what 
reason it is not quite clear, but possibly because of a sup- 
posed correlation with the Victorian granites and grano- 
diorites, which were tentatively regarded as early-Devonian. 
If the correlation stands, then in view of recent discoveries 
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RS to the a"e of the Victorian roeks^s the Tasmanian 
granites slioiild now bo considered to be late-Devonian. But 
in 1921 gave it as his opinion that thej^ wore cpi- 

Silurian, and tlie question arises as to which view is correct. 

If it be agreed tliat granite bathyliths are always inject(*d 
under and through just-folded geosynclinal sediments, tlien, 
i^ince no Devonian strata whatever are known to outcrop in 
Ta'^ mania, it would be unsound to argue for a late-Devonian 
age for these granites, unless indeed magmatic peculiarities 
.are sufficiently marked to warrant definite correlation with 
the late-Devonian intrusions of the mainland. Unfor- 
tunately the petrology of the Tasmanian granites has not 
been worked out sufficiently to permit of detailed compari- 
son, and in the circumstances it is most natural and logical 
to assign tentatively to these rocks a late-Silurian age, inas- 
much as the youngest strata into which the granites are‘ 
intrusive are the folded Silurian. If at some future date 
comparative petrology can establish consanguinity between’ 
these rocks and the late-Devonian intrusions of Victoria and 
New South Wales, then a strong case will have been made 
out for the former extension of the Devonian sea to Tas- 
mania, though all its deposits have since disaj)peared. 

(c) The Permo-Carhoniferous Granites of Eastern Avs- 
tralia. 

There is another rather interesting and important palaeo- 
geographical problem on which some light may be shed by 
a consideration of the distribution of bathyliths, namely the 
former exlent of the area of deposition of Permo-Carboni- 
ferous strata in this State. At the present day the prin- 
cipal area where these strata outcrop is that forming what 
is called by the State Geological Survey the Main Coal Pro- 
vince, a broad belt extending in a N.N.W.-S.S.E. direction 
for over 200 miles, and stretching along the coast ^rom 
Newcastle to the Clyde River. Scattered but considerable 
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outcrops occur in the north and north-west of the New Eng- 
land plateau, as about Drake and Ashford, and another oc- 
curreii<*e centres round Kempsey in the south-east of New 
England ; everywhere the strata are to a greater or less 
extent folded. The New England plateau is composed 
largely of ancient, more or less metamorphosed sediments, 
possibly in part Ordovician, broken through by bathyliths 
of granitic rocks which have been shown37 to be in places 
intrusive through strata of Permo-Carboniferous age. The 
main outcrops of plutonic rock are found in the western and 
central imrts of the plateau, and have been traced as far 
south as Tamworth and Nundle, and even to the Barrington 
plateau ; scattered outcrops also occur to the east, extending 
over to the coast. To the north the granites continue across 
the border into Queensland, where they invade the Permo- 
Carboniferous beds to the south of Warwick. 

It has been assumed by some authorities that the present 
eastern and western boundaries of the Main Coal Province 
(which are roughly parallel) coincide approximately with 
the original limits of a Permo-Carboniferous geosyncline, 
which was bounded to the east by highlands, composed of 
old rocks, sei)arating it from an eastern area of deposition. 
Such a conception appears very definitely in the writings, 
of Sir Edgeworth David^ and E. C. Andrews. ^9 a. B. 
Walkom**^^ in discussing the matter likewise considers an 
area roughly north from Nundle to Inverell and eastwards, 
to Ilillgrove to have been land throughout Permo-Carboni- 
ferous times; the present surface-rocks of this area are 
mostly granites and old slaty rocks. Benson, 4* however, in 
1923 published a palaeogeographical map showing the whole 
area between the Main Coal Province and the present coast- 
line as a site of Permo-Carboniferous deposition, but with- 
out discussing the palaeogeography in detail. Bryan^, in. 
1926, tacitly adopted Benson’s views. 
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It is clear, therefore, that there is no unanimity in regard 
to the distribution of Permo-Carboniferous land and sea in 
New South Wales. 

Now the Main Coal Province is bounded on its eastern 
•side by Mesozoic or Early Tertiary faults which have raised 
the older rocks to the east by more than 5000 feet in places 
.as compared with the Permo-Carboniferous strata, and it 
is, therefore, at least imobable that these latter originally 
^extended much further to the east that at present, es- 
pecially as there are quite considerable thicknesses of strata 
•still showing right up to tlie fault-planes. Erosion follow- 
ing quickly on the faulting would account for the present 
absence of the younger rocks on the eastern or upthrow 
.•side. 

But quite apart from this, if we are to accept the evi- 
dence of the granites, then, since they are mainly late 
Permo-Carboniferous in age, it is necessary to postulate an 
.area of deposition once extending well over to the east of 
the Main Coal Province, and a study of the geological map 
.suggests strongly that Permo-Carboniferous sediments, 
freshwater or marine or both, once completely covered what 
Are now the northern and central parts of the New England 
Plateau, perhaps as far east as the coast, and that on the 
«outh they extended continuously across from the Main 
Coal Province to Kempsey, even as Benson has indicated. 
In Queensland, according to the map accompanying Skeats' 
paper^^, the Permo-Carboniferous granites extend north- 
wards along a broad coastal strip to within 120 miles of 
Cape York. It would follow, if this is correct, that both 
Benson and Bryan in their palaeogeographical maps might 
have extended the site of the Permo-Carboniferous sedi- 
mentation northward almost to the most northerly point of 
<Jueensland. 
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THE AMOUNT OP II VDllOnVANTC ACID IN 
SOIUIIIUM, SUDAN CRASS AND SOME 
IIVBIUDB. 

By II. PlNNEMOHE, B.Sc., F.I.C., 
and 

C. B. Cox, B.Sc. 


(RccKi before the Royal Society of Nezv South Wales, Sept. 2, 1931.) 

The object of tlie experiments (letail(‘d in the present 
paptT was twofold, firstly, to ascertain the variation in the 
amount of hydrocyanic acid (*xhibit(*d by different varieties 
of sor^lmni, ajid secondly, to determine to wdiat extent it 
mig’lit be ])Ossiblc, by crossing? sorf?hnm with sudan grass, 
to breed liybrids containing a smaller amount of hydro- 
cyanic acid, and thus rednee the danger to stock that is 
now incurred when fed on this valuable fodder. Although 
the original programme has been curtailed by the cessation 
of financial assistance to the Poison Plants Committee by 
the Council of Scientific and Industrial Research, it is the 
intention of this Committee to continue these experiments 
during the coming season. 

It is now about thirty years since Dunstan and Henry* 
showed that when sorghum was cut or bruised, contact 
was made by the enzyme and the glucoside, with the result 
that hydrocyanic acid was immediately evolved. They also 
succeeded in isolating the glucoside which they termed 
dhurrin from the native Egyptian name of the plant, and 
showed tliat in addition to hydrocyanic acid, it gave on 
decomposition, 1.4 hydroxybenzaldehyde and glucose. These 

^ •J— September 2, 1931, 
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observations were accompanied by the equally valuable one 
that the production of hydrocyanic acid increases with the 
development of the plant and then rapidly diminishes. 
Such questions then arose whether all varieties were equally 
toxic and whether the plant could be rendered innocuous 
by dryiiif? or by other means. One of the early workers on 
these problems was J. C. Brunnich, of Brisbane, who in 
1903^ made an investigation of two varieties of sorghum, 
viz., Planter's Friend or Tmphee and Early Amber, and 
found the amount of hydrocyanic acid varied in the fresh 
plant from 0.027 to 0.035 and 0.011 to 0.014 per cent, re- 
spectively for the two varieties named, the higher figure in 
•each case being obtained from the manured plant, at the 
same time confirming the decrease in hydrocyanic acid as 
the plant developed. 

'In 1912, Schroder and Dammann^, working at Monte 
Video, examined three varieties of sorghum grown in 
TJruguay, and found the following amounts — from the 
wariety saccharafnm, 0.030; vulgare, 0.020 and from hala- 
pense, 0.014 from 100 grammes of the fresh plant. These 
quantities decreased as the plant matured, but tln^ acid 
did not disappear entirely; there was an increase of 33 to 
100 per cent, in manured plants. 

Two American investigators, Willaman and West^, in 
” 1915, examined a number of sorghum plants and obtained 
a maximum of 83 milligrams per 100 grammes, calculated 
on a dry weight basis of the whole plant, which at that 
time was 18 inches high. After 62 days the plants had 
attained a height of 61 inches and then contained a neglible 
amount of hydrocyanic acid. In the following year** they 
maximum of 114 milligrams when the plant was 14 inches 
high, whilst there was only a trace when the height had 
increased to 78 inches after 92 days growth. A few years 
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carried out a similar series of experiments and found a 
later, Dowell^’, ^vorkin^ at Oklahoma Agricultural Station, 
found one sor^dium of 32 inches ^rowtli ^^ave 22.2 milli- 
^yrams and 22.8 milli<rrams (second ^rowtli), calculated on 
the fresh ])laut. JNTenaul and Dowell^ obtained from fresh 
Sudan grass lo inches high, 10.5 milligrams, equivalent to 
57.9 milligrams on the dry weight, the amount becoming 
less on later growth. In 1919J Colleson^ working in Florida, 
examined twenty-one varieties of .sorghum and found that 
they contained from 0 to 3.8 milligrams of acid, Dwarf 
Ilegari and Peterita being the varieties containing the 
largest amount. Swanson at Kansas Agricultural College 
in 19219, reporter! large amounts” of hydrocyanic acid in 
•Sudan grass, and later’^^ determined the amount jiresent 
under various conditions. Practically the whole of the acid 
was yielded by the leaves and the maximum was found to„ 
be from a wliole i)lant 4 inches high, this being 20 milli- 
‘grams. There was a loss on drying, but the acid did not 
entirely disappear after wilting for 5 days. This plan! 
gave le.ss acid than sorghum or kafir. In 1923, Brunnicli|* 
reported on the various .sorghums at different stages of 
growth. There was much variation in the hydrocyanic acid 
at three weeks and later cuttings showed greatly reduced 
.amounts^ 

Recently the analy.ses of nine hybrids have been pub- 
lished by Ramsay**, these were bred from Sacealine sorghum 
AS the male and siidan grass as the female. Some plants 
were examined when 4 feet high, but most of them were 
12 to 18 inches high. The amount of acid varied from nil 
"to 11 milligrams jier 100 grammes, the largest amount be- 
ing obtained from a 4 feet hybrid. Pure Sudan grass, 
height not stated, gave only 0.01 milligrams and pure 
aaccaline, 3 milligrams. In this connexion it should be 
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noted that as neither the method of analysis nor the con- 
dition of the material was stated the results obtained em- 
])hasize the importance of further investi(?ations^ 

Experimental. 

The i)Iants used in these experiments were sown at the 
(llenfield Veterinary Research Station on October 15th, 
For the necessary arrangeiiKnits the authors are in- 
debted to the Director, J)r. Seddon, who has kindly supplied 
the fo] lowing particulars. Altogether, 18 sowings in num- 
rows Avere made. These consisted of eiglit sorgliiim- 
siidan grass hybrids, varieties of sorghum and one row of 
Sudan grass. The se(‘ds of 6 hybrids had been obtained 
in 11)26 from Mr. A. N. Whittet, N.H.W. Government Ag- 
rostologist, those numbered 1 and 6 in the Table, had been 
grown on unbagged heads, whilst Nos. 2 to 5, inclusive, 
were from bagged lieads. The remaining two hybrids had 
be(Mi obtained from the same source in the month previous 
to sowing. 

The determinations of hydrocyanic acid were made at 
various stages of growth, the age of the plant in days being 
shown in the table. Before carrying out quantitative 
measurements each sample was tested qualitatively by cut- 
ting up about 1 gramme finely with scissors and macerating 
in water in a closed test tube, the colour imparted to a 
sodium ]Aicrate paper being taken as an indication of the 
presence of hydrocyanic acid, which was then determined, 
some of the qualitative tests being carried out at Glenfleld 
within half an hour after gathering the specimens. 

Method of Estimafioii. 

It seems more than probable that some of the results 
quoted above are not strictly comparable, for, in some cases, 
there is no information as to the moisture in the material 
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examined, nor of the method employed, so although the 
results of each worker may be consistent in themselves, they 
cannot necessarily be compared with those of other workers. 
Snell factors as the possibly incomplete hydrolysis of the 
gliicoside, the difficulty in removing the hydrocyanic acid 
w’hen formed, and the possible existence of various com- 
binations of hydrocyanic acid with other constituents of 
plants have all been shown to be important factors in this 
connexion. Swanson showed that tin* maximum yield was 
obtained from sorghum by macerating for 6 hours or over- 
night at room temjierature, and this procedure was adopted. 
Several whole plants, exclusive of roots, were passed 
through a meat mincer in order to obtain a thoroughly 
representative sample. Twenty grammes of this were 
macerated in a tightly closed flask with 300 cc. of distilled 
water overnight at room temperature. The contents of the 
flask were then distilled in steam until all the hydrocyanic 
acid had been removed, the distillate being collected in an 
excess of deeinormal sodium hydroxide. This was then 
made acid with hydrochloric acid and titrated with deci- 
normal iodine in the presence of sodium bicarbonate. Under 
these conditions 1.4 hydroxybcnzaldehyde which is also a 
product of the reaction was found to be non-volatile in 
steam and therefore did not affect the result. 

Parallel with the estimation, when sufficient of the sample 
was available, the moisture lost on air drying was re- 
corded,* twenty grammes of the disintegrated material be- 
ing set aside until the weight was constant. The time re- 
quired for this varied from eight to fourteen days. 

* In later experiments with other plants it has been found 
preferable to dry at 100® to constant weight and in further 
work on sorghum this modification will be made. 
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The Amount of Hydrocyanic Acid in Sorghum and 
Allied Plants prom Seed Sown at Glenfield V. R. S. 
ON 15/10/^28. 

Number of Milligrams of HCN in 100 giams of— 



Fresh Plant. 

Air-dried Plant 
(calculated). 

Air-dried 
Plant (found) 

Age of Plant in days 

42 

64 

90 

97 

42 

64 

90 

97 

42 

64 

Size in inches 

6-12 

20 

60 

60 

6-12 ^ 20 

60 

60 

6-12 

20 

Name, Row and No 











Sorghum Sudan hybrid— 











1 I 

— 

21 


18 

- 

99 

- 

43 

- 

41 

do. 1 2 

— 

27 

5 

17 

- 

157 

19 

44 

— 

98 

do. ] 8 

37 

22 

13 

20 

181 

116 

44 

78 

129 

43 

do. 1 4 

- 

18 

14 

16 

- 

81 

76 

62 

- 

44 

do. 1 6 

- 

— 

— 

- 

- 

- 

— 

- 

- 

— 

do. 1 6 

— 

21 

15 

12 

— 

98 

47 

34 

— 

55 

do. 2 7 

2 

7 

5 

6 

12 

34 

15 

14 

10 

12 

do. 2 8 

- 

1 

13 

8 

10 

- 

58 

20 

28 

- 

28 

Saccaline 8 and 4 .. 

36 

11 

4 

8 

172 

67 

23 

30 

121 

46 

Collier 6 and 6 

64 

19 

2 

6 

262 

101 

14 

26 

153 

62 

"White African 7 and 8 .. 

53 

1 

45 

6 

6 

282 

223 

29 

40 

180 

- 

Sumac 9 

44 

35 

11 

14 

243 

160 

37 

42, 

140 

54 

Cowper 10 and 11 

1 36 

25 

12 

8 

192 

129 

63 

39 

144 

62 

Sudan Grass 12 and 18 .. 

9 

12 

4 

3 

- 

43 

13 

10 


85 

Number 34 14 

33 

31 

4 

9 

145 

169 

12 

39 

112 

62 

Feterita 15 and 16 

111 

76 

20 

23 

— 

331 

67 

73 

- 

188 

Milo 17 and 18 ... 

60 

33 

8 

19 

248 

163 

25 

73 

183 

67 

Gooseneck 19 

- 

69 

8 

19 

— 

291 

32 

72 

— 

137 


All the above were free from HCN 132 days after sowing* 
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From the jiereenta^e of moisture and of the hydrocyanic 
acid yielded by the fresh plant, the amount obtainable from 
the dry material was calculated. Of the specimens col- 
lected ill November and December actual determinations 
of the hydrocyanic acid in the dry plant were made, but 
in the sam])les gathered later this was so small that its 
amount was not considered of sufficient interest. The 
results are set out in the table. 

COXI’USIONS. 

]. AJ] tlie varieties examined yielded some hydrocyanic 
acid up to about 130 days after sowing, when the seeding 
stage had been passed, but the amounts varied considerably. 
Some gave larger percentages than have hitherto been re- 
corded, Sudan grass gave the least and feterita the most. 

2. 0\^iug to slow germination only two of the eight hy- 
brids were available at the time of the first examination, 
but from the second series of results it seems that these 
hybrids are lower in hydrocyanic acid, at all events, in the 
first month or two, than the majority of the sorghums. 

3. Th(‘ results of other workers have b(*en confirmed in 
that th(» ])er(‘entage of hydrocyanici acid has been found to 
be greatest iii young jdaiits and to diminish as growth 
proceeds. 

4. Tiider the conditions specified the loss of hydrocyanic 
acid on exposure to the air, varied from 14 to 65 per cent. 
These two jiarticular specimens still contained when air dry, 
48 and 54 milligrammes of hydrocyanic acid per 100 
grammes, and reference to the table will show that other 
specimens yielded higher results than these. As Seddon 
and King*^ have shown that, in the presence of sufficient 
enzyme, as is the case with the sorghums examined, a 
quantity of 50 milligrammes, per 100 grammes in the dry 
plant is likely to render it toxic, it would appear that young 
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sorgluim, oven when wilted, eaimot always be considered 
safe as fodder. 

It is desired to acknowledge a grant from the Council of 
Scientific and Industrial Research to the Poison Plants 
Committee, that has enabled one of us (C.B.C.) to 
particij)ate in this work. 

Department of Materia Medica and Pharmacy, University of 
Sydney. 
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A CONTRIBUTION TO THE CHEMISTRY OF THE 
FRUIT OBTAINED PROM THE WHITE CEDAR 
TREE {Melui Azedaravh^ L. var. aiistralasira C.DC. ; Syn. 
Melia avstralasica, A. Jiiss.) GROWINU IN NEW 
SOUTH WALES, WITH NOTES ON ITS REPCTED 
TOXICITY.**^ 

By F. R. Morrison, F.C.S., A.A.C.I., A.S.T.C., 

Assistant Economic C hcmist. Technological Museum, Sydney. 


(Read before the Royal Society of Nezv South IVales, Sept. 2, 1921.) 

Tlie information recorded in this })a]Kn* embraces the 
results of an investi{?ation undertaken in 1922, lor the jmr- 
j)ose of ascertaining the chemical composition of tlie fruit 
obtained from the Wliite Cedar Tree growing in New South 
Wales. At the same time, in view of the fact that cases of 
aj)])arent j)oisoning had ju'eviously b(‘en observed and re- 
corded in both liuman beings and animals after eating the 
fruit, it was realised that the isolation and ideiititicatioii of 
tJie supposed toxic constituent was an ui’geiit necessity. 
This fact was enijihasised during the j)rogress of the work 
by reports of additional cases of poisoning having occurred 
at that time, and indicated the necessity for concentration 
for the time being on that particular portion of the investi- 
gation. Curtailment of the original work undertaken 
naturally followed, and later, owing to pressure of official 
work, it was found im])ractieable to complete the investiga- 
tion, both in regard to the chemical composition of the 
fruit, and identification of the toxic constituent, as was 

* Toxicity tests conducted by R. GRANT, F.C.S., formerly 

Assistant Micrc biologist, Department of Public Health, Sydney. 
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originally intended. The matter has been held in abeyance 
since 1927, but, owing to niiinerous einiuiries recently re- 
ceived by the Institution regarding tlie toxicity of the 
fruit, and in order that later workers in the same field of 
investigation might becomt^ acquainted with what had al- 
ready been done, it was considered advisable to publish, 
without further delay, the results obtained. 

In order to facilitate the isolation of the toxic principle 
of those fruits which were reputed to be poisonous, Mr. 
Ii. Grant, F.C.8., then Assistant Microbiologist of the De- 
partment of Public Health, Sydney, through the courtesy 
oC the Director General of Public Health, kindly undertook 
feeding experiments on guinea })igs, utilising the several 
portions constituting the fruit, e.g., meal, skin, seeds, etc., 
in addition to extracts prepared therefrom. As a result 
of these practical tests it was hoped that the particular 
portion of the fruit containing the toxic principle would be 
speedily indicated. 

A large number of feeding tests was conducted over a 
period of about five years, with varying, and often dis- 
appointing, results. The fact, however, appears to be 
established that, when present, the toxic constituent occurs 
in the resinous portion of the fruit, and further, that a 
substance of alkaloidal nature exists in the resin. Evidence 
was also obtained that, whereas neither the alkaloidal por- 
tion of the resin, nor the resin from which the former was 
extracted, proved toxic when administered alone, a mixture 
of both produced fatal results. 

It was found, however, that, whilst fruit obtained from 
trees growing in certain localities (Parramatta and Dubbo) 
contained tin' toxic principle, that obtained from trees 
growing in another locality (Grafton) proved harmless 
when eaten, and this variation was at first thought to be 
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due to seasonal chancres, soil conditions, or other causes; 
according? to information kindly furnished by Mr. E. Cheel, 
Curator of the National Herbarium, Hotanie Gardens^ 
Sydney, liowever, the occurrence of at least two forms of 
the speci(‘s iiiij^ht readily account for th(‘ varyin" results 
obtained. 

Analoj^ons cases are to b(‘ found in Australian essential 
oil yielding? species; the occurrence of varieties of a par- 
ticular species, all botanically identical, but differing in the 
chemical com])ositidn of th(‘ oil present in the leaves, has 
been brought to light during recent researches carried out 
at this Institution. (Proc. lioyal Society of New South 
Wales, 1922, Vol. 55, j)p. 82-87; 1927, Vol. 61, pp. 54-67; 
1930, Vol. 64, pp. 264-297.) 

Witli regard to the White (’edar, the following extract 
from a letter written by Dr. John MacPherson, of Sydney, 
is of special interest: — 

friends in the country inform me that the domestic 
fowls and turkeys eat up all the fallen ‘berries’ with avidity 
without sustaining any harm. But they noticed a curious thing, 
namely, that of three trees together, all bearing profusely, the 
Black Magpies stripped one tree bare and never touched the 
fruit of the others,” 

As set I'ortli under Experimental,’' fruit from trees 
growing at Grafton, Diibbo, and Parramatta respectively, 
in N(‘w South Wales, were examined, and later, a parcel 
of fruit from trees growing at Richmond, New South Walesa, 
was also tt‘sted for toxicity. 

Previous Observations Regarding Toxic Properties of White 
Cedar Fruit. 

The late ]\Ir. J. II. Maiden in “Forest Flora of New 
South Wales,” Vol. 3 p. 93, cites a number of cases of 
poisoning liaving followed the eating of White Cedar Fruit 
by both liunians and animals; pigs appeared to be par- 
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ticularly susee])tiblp, and a number of fatal results followed 
the eating of the fruit. 

An examination of fruit for the presence of hydrocyanic 
acid was carried out by F. 13. Guthrie ( Ajrrieultural 
Gazette of New South Wales, 1897, p. 700) but none was 
detected. 

Description of Tree. 

The s])ecies Melia Azedarach L, Var. ansirahidca C.DC. 
(Moriogr. Phan, i 1878, 452) ; Syn. Mdia australasica, A. 
Juss, is described by Bentham in “Flora Australi(‘nsis’' 
(Vol. 1, 880), and is also fi{?ured and described by J. II. 
Maiden in “Forest Flora of New South Wales, Vol. 3, 
p. 98. The tree is stated to reach a height of 40-60 feet, and 
^^its habitat extends from a little north of Sydney along the 
coast and coastal districts to North Australia.^’ The tree 
resj)on(ls readily to cultivation, and some of the fruit used 
in the ])reM*nt investigation was obtained from cultivated 
trees. 

Description of Fruit. 

The rij)e berry or drupe consists of a hard, ribbed seed 
(the ribs varying in number from four to seven) surround- 
ed by a pasty, sticky pulp, the whole being enclosed in a 
rather tough, golden-yellow skin. The odour is “sharp” 
and characteristic. The taste is at first sweet, but immedi- 
ately afterwards becomes decidedly bitter. Prior to ripen- 
ing, the firm, green berry contains a milky emulsion. Those 
obtained from trees growing at Grafton, Ncav South Wales, 
were ovoid in shape, whilst the berries from trees growing 
at both Dubbo and Parramatta in the same State, were 
more spherical or globose than the Grafton berries. One 
hundred ripe berries chosen at random from the Grafton 
consignment w^eighed 67 grams, equivalent to an average 
mass of 0.67 gram. The dimensions of the smallest berries 
averaged 12 mm. long by 8 mm. short diameter, and mass 
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^rani ; tlie lar^yost avorajyed 18 mm. by 11mm. and mass 
1.07 "ram;; whilst the medium sized berries averaged 16 
mm. by 11 mm. and mass 0.7 p^ram. 

Composition of the Fruit. 

Tile n'snlts of the ehemieal analysis of the ripe fruity 
show tliat the ])rineipal portion, i.e., the pulp, comprises a 
meal eonsistin" largely of starch, an oil, a resin, and a re- 
dueincr simar, identified as dextrose. lVat(‘r-soluble siib- 
stan(*es of aeid nature are also prescmt. The liard seed 
contains a niunher of small kernals which yield a fixed oil. 
A toii"h skin encloses the fruit. 

The moisture eontcmt of ripe berries from various parcels 
receiv(*d, varied from 18% to 29%. 

ExI’KUIM kntal. 

Th(‘ majority of tli(‘ work to determine the chemical com- 
])Ositiou of tin* ripe fruit was performed on a parcel of fruit 
olitained in duly, 1922, from trees ^Towiiif? at Grafton, New 
South Wales, wJiich jiarcel was kindly sup [died by Mr. 
Eup:ene Kudder. This p:entleman has devoted much time 
and eneriry to the utilisation of Wliite (V*dai’ berries, and 
ackiiov\led"iin*nt of his efforts is f^ladly record(*d. 

The abovcmeiitioned parcel of fruit, after removal from 
the Stalks, weighed 15] lbs. 

Exiraciion of fruit by Solvents . — The skin of each berrjr 
was broken in order to facilitate extraction of soluble mat- 
ter by solvents, and the fruit placed in a vessel, and covered 
with cold (‘thjd ether; after standing for three weeks, the* 
ethereal solution was iioured off, the fruits washed with a 
small quantity of fresh ether (which was added to the 
eth(*real solution), and tJie fruit allowed to stand in contact 
with cold 95% alcohol for two months. The alcoholic solu- 
tion was tlien removed, and after washing with the same 
solvent, the fruit was treated with boiling water, which 
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treatment separated the insoluble j)ortion of the pulp 
(meal) from the seed, and also dissolved the remaining 
soluble eonstituents of the jmlp. The meal was separated 
by filtration, washed with water and dried. Sejiaration of 
the skins from the seeds was effected by rubbinj? the fruit 
between the palms of tlu* hands under wateis whereby the 
seeds sank to the bottom of the vessel and were collected, 
whilst th(» skins wer<‘ suspended throupjhout tlie lirpud, and 
were recovered by filtration. 

Proximate analysis of Grafton fruits . — As a result of the 
previously described treatment, the followin^r approximate 
percentajre eomj)osition of the Grafton fruit was obtained : — 

Per cent. 


Ethyl ether-soluable extract 3 

Alcohol-soluble extract 7 

Water-soluble extract 20 

Meal 4 

Skin 6 

Seeds 41 

Moisture in original fruit 20 


100 

For ])urposes of comparison, and in order to show the 
variation in composition, the proximate analysis of a ])arcel 
of fruit obtained in June, 1923, from trees growing at 
Dubbo, New South Wales, is appended : — 

Per cent. 


Petroleum-ether extract 0.2 

Ethyl ether-extract 0.6 

Chloroform-extract 0.7 

Alcohol-extract 7.0 

Water-extract 18.3 

Meal 4.0 

Skin 4.7 

Seeds 46.6 

Moisture in original fruit 18*0 


100.0 
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Note , — The above analysis was carried out by extraetinj? 
“fifty berries, w’eijj:liing 42 j^rams, in a Soxhlet apparatus 
with tJie first four solvents successively; the watt»r soluble 
portion was obtained by ajjritalin<»- the b(‘rries from the 
above treatment with cold distilled water until all soluble 
matter had been removed. The meal, skins and seeds were 
recovered as i)reviously described in the treatment of the 
Grafton berries. 

Ether Extract of Grafton fruit . — The ethereal solution 
from loj lbs. of fruit was concentrated to small bulk by 
distillation of the solvent, and at this staj^e a small (piaii- 
tity of white nodules separated from the concentrated solu- 
tion; these were removed by filtration, and washed with 
cold ether. The concentrated ether solution was poured 
into a shallow dish, and the last traces of ether removed by 
jjentle heat. On cooling, a turbid, yellowish, resinous mass 
remained which possesstnl the characteristic odour of the 
rijie fruit. The weiji:ht of tlie material was 2L‘> jirams. 

White nodidis separated from concentratul (fhcreal 
extract of fruits . — The white nodules were crushed and 
recrystallised from boiling? ether in Avhich they were 
sparinf^ly soluble. The crystalline material melted at 
192-205° C. ill an open capillary tube, and at 205-210° in 
sealed capillary tube (in sulphuric acid bath). The sub- 
stance did not reduce Pehling's solution, and when boiled 
for some time with weak sulphuric acid, and again tested 
with Fehling’s solution, a negative result was obtained. It 
does not appear, therefore, to possess glucosidal proiierties. 

Resolution of ether extract into Fat and Resin . — A 
portion of the ether extract (111 grams) was triturated 
with two successive portions of petroleum ether (b.pt. 
32-50° C.), until all soluble material had been extracted; 
the solution was filtered, and on removal of the solvent, 
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59 ^nims of eloar, pale-yellow viseous oil were obtained. 

T1 le insoluble material consisted ot 49 j?rams of brittl 

c 

resin, which was readily crushed to a ligjht-yellow powder. 

AhoJjfsis of oil . — The oil possessed a “resinous’’ odoui. 
and aftei* standing for some time, became turbid; it alsc^ 
possess(*d a slight “tackiness” when tested between the 
fing(‘r, thus indi(*atiiig tlie presence of resin. Portion of 
the oil (48 grams) was agitated with two successive 
])ortion< of 100 c.c. alcohol, which solvent dissolved the 
I’esin, and after separation of the alcoholic solution, 32 
grams of clear, viscous oil w(‘re recovered which possessed 
a slight odour and bland taste. 

On r(‘moval of the alcohol from the sei)arated solution, 
14 grams of a clear, tack.v resinous mass were obtained, 
which apparently contained a proportion of the oil in 
admixture'. The following physical and chemical charac- 
teristics are those of the oil before, and after, treatment 


with alcohol : — 

Before (49 grams). 

After (32 grams). 


0.9735 

0.9523 


1.4930 

1.4845 

Acid Value 

9.1 

84 

Saponification Value 

150.6 

164.9 

Iodine Value 

(Wijs, 2 hours) 

145.05 

160.7 

Mixed faiiy acids.- 

—A portion (21.3 

grams) of the 32 


grams of oil w’as saponified with alcoholic KOII and the 
resulting soap agitated with ether; 3.6 grams of unsaponi- 
fiable material were obtained which were again treated with 
alcoholic KOII, and the unsaponifiable material removed 
by ether ; 2.95 grams of a light-yellow, clear, resinous mass 
were obtained, thus indicating that portion of the resin 
had remained in the oil. 
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The soap solution was decomposed with dilute sulphuric 
acid and the liberated fatty acids washed with hot water 
until free from mineral acid. On cooling, 15 grams of a 
serai-solid crystalline mass of mixed fatty acids were 
obtained, which retained a resinous odour and slight 
“tackiness.^’ 

Determination of Resin acids in mixed Fatty acids . — 
The method of Twitchell described by Dieterich in “Analy- 
sis of Itesins’’ (1930, p. 49) was employed, with the 
following result : — 

0.6774 gram mixed acids gave 0.1040 gram resin acids 
= 15.35Vf resin acids. 

It is tlius apparent that the oil still contained a consider- 
able ])ro])ortion of resin. 

Reparation of liquid and ^^solid^^ fatty acids. — The 
mixed fatty acids were resolved into “ liquid and “ solid 
acids by the lead salt-ether method. The following con- 
stants wore obtained for the respective acids: — 

“Liquid” acids. ‘•Solid” acids. 

Neutralisation value, 132.4 Melting point, SS'^C. 

Mean molecular weight, 314. Mean molecular weight, 274. 
Iodine value (Wijs, 2 hrs.) 119.4 

Bromides of liquid acids. — A portion (5.6 grams) 
was dissolved in 50 c.c. dry ether, the solution cooled to 
— 20^ and saturated with bromine; after 24 hours a 
minute quantity of precipitate was observed, but this was 
too small to handle. The ether was allowed to evaporate, 
and the pasty mass triturated with light petroleum ether 
at — 20° C. ; very little appeared to dissolve, and the 
solution was decanted from the insoluble resinous portion. 
A clear, viscous, light-yellow liquid was recovered from the 
petroleum ether solution after allowing the solvent to 
evaporate. The proportion of bromide present was deter- 

' K— September S. 1931. 
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mined by boilinjx with concentrated nitric acid and solid 
silver nitrate. 

0.3796 gram liquid bromide gave 0.3384 gram AgBr. 
= 37.93% Br. The bromide of oleic acid contains 36.18% 
of bromine. 

Elaidin test . — Portion of the original liquid acid, which 
possessed an odour of oleic acid, yielded a pasty, orange 
coloured mass when treated with sodium nitrite and nitric 
acid. 

The liquid fatty acid apparently consists of oleic acid. 

^^SoIUr* acids . — Efforts to resolve the crystalline “solid^’ 
acids into their sei)arate constituents were not siiccessi'ul, 
owing to the small quantity available. A consideration of 
the melting point, and mean molecular weight, however, 
indicates that they consist of a mixture of palmitic and 
stearic acids. 

Resin from ether extracl . — The light yellow, brittle resin, 
after crushing to a fine powder, and thoroughly drying in 
the desiccator, ])ossessed a characteristic odour, and gave 
the folloAving figures on analysis: — 

Melting point (taken on cover glass over mercury) 102 ®C. 
„ „ in capillary (in sulphuric acid bath) 

agglutinated at 80 °C, melted completely at 


lOO-lOS^C. 

Specific Gravity of fused resin 1.1633 

Acid value 17.7 

Saponification value 155.82 

Iodine value (Wijs, 2 hours) 117.6 (approx.) 


The resin fused to a clear, yellow viscous li(|uid on the 
water bath, and, on cooling, formed a clear, golden-yellow, 
glassy mass. Its solubility in various solvents was deter- 
mined api)roximately, with the following results: — 

Hot or cold petroleum ether (b.p. 32-50°). Almost insoluble. 

Absolute alcohol 

95% alcohol . . . 

Chloroform . . . 

Ethyl ether . . . 


Soluble. 
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Benzol Moderately soluble. 

Hot or cold turpentine . . Very sparingly soluble. 

Amyl alcohol . . Soluble. 

Treatment of a fragment of the resin with (‘oneentrated 
siilphnrie acid gav(‘ a dark red colour, clianging to a dark 
hrovvn. A solution of the resin in aleoliol gave, with ferric 
cliloride, a green isli colouration. 

Saponijiraiion of nsin . — Ten (10) grams were saponified 
by boiling with .‘5 gnnns potassium hydroxide in 60 c.c. al- 
cohol for one and a half hours, tla^ solution poured into 
water, and the wateiy solution extracted with ether; on 
r(*moval of the ether from tin* extract, d.Il grams of a light 
yellow, brittle* r(*sin were recovered. It was redissolved in 
ethyl ether, and ])etroleuni etlu*r (32-00^(1) added until the 
solution b(‘canie faintly turbid, and set aside for two days, 
when the solvent evaj)orated and crystals appeared 
throughout the r(*sinous mass. Efforts to recover the 
•crystalline material were not successful. 

The a(jueous solution was concentrated to small volume 
on th(* water-bath, and decomposed with dilute sulphuric 
acid, the resin acids separating as a brown viscous mass; 
it was washed with hot water until free from mineral acid, 
and dried; 4.2 grams of dark brown, “tacky’’ acid being 
obtained. It gave a neutralisation eciuivalent of 102.1. 

Tlie aqueous licpiid from which the resin acids had been 
separated was neutralised with potassium hj^droxide, con- 
centrated to small volume on the water bath, and extracted 
with etiier. The (*thereal solution was separated, and the 
'Solvent removed ; 0.0254 gram of viscous, brownish coloured 
material, possessing a phenolic odour was thus obtained. 
Its solution ill alcohol gave a dark red colour with concen- 
trated sulphuric ae.id, but ferric chloride produced no 
<Jolouration. 
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No fiirtlier work was carried out on the resin. 

Alcoholic extract of fruit (after ether treatment). — The 
alcohol was removed from the solution by distillation under 
reduced pressure, and the resulting? product was a dark, 
reddisli-brown solution in water (originally present in the 
fruit). It possessed a sweet, followed by a bitter, taste, and 
was decidedly acid in reaction. The solution was agitated 
successively witli petroleum ether, ethyl ether, and chloro- 
form, but traces only of resinous bodies were extracted. 
Trefltment with basic lead acetate solution gave a yellow 
precipitate, which was filtered olf, washed, suspended in 
water, and decomposed witli sulphuretted hydrogen. The 
resulting filtrate from the lead sulphide was tested for 
organic acids, etc., but no definite result was obtained. 

The filtrate from the original lead acetate precipitate, 
was treated with sulphuretted hydrogen to remove any 
lead salt present, and concentrated to a thin syrup under 
reduced pressure. On warming a small (|uantity of the 
syrup with sodium hydroxide, ammonia was freely evolved. 
The syrup possessed a sweet taste, and gave a flocculcnt, 
almost white ])recipitate, with phosphotungstic acid in the 
presence of sulphuric acid. No definite result was obtained 
on examination of this precipitate. 

Osazoiic . — Portion of the solution was taken and an 
osazonc prepared in the usual manner ; the derivative was 
recrystaJlised from 50% alcohol, and the characteristic 
crystals melted at 206°. The reducing sugar, dextrose, is, 
tlierefore, present. 

Fehling’s solution was readily reduced by the syrup. 

in order to determine if the sugar was originally present 
in the fruit as dextrose, a few of the fresh ripe berries 
were placed in distilled water for a few hours; the aqueous 
solution was filtered and portion tested with Fehling’s solu* 
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tion when a marked reduction of the co])per sulphate solu- 
tion occurred. An osazone was prepared from a portion of 
the aqueous solution, and, after, recrystallisation, melted 
at 2()G°C. 

Water extract of Fruit {after alcohol treatment ). — The 
fact that boiling* wat<‘r was used principally for the pur- 
pose of obtaining the meal, skin and seeds in a clean con- 
dition, militated against the examination of this extract 
owing to changes which would probably occur at that tem- 
perature. The solution was treated with basic lead acetate, 
but nothing definite was obtained from the precipitate 
thrown down. An osazone was prepared from the filtrate 
after freeing from sulphuretted hydrogen, and, after re- 
cryslallisation, melted at 207°(>. (osazone of dextrose). 

Fixed oil from seed^s . — The seeds, after complete separa- 
tion of the pulp, and subsequent drying, weighed 2828 
grams. Th(‘se wei’e passed through a disintegrator in order 
to break the shells and expose the kernels (the latter are 
contained in longitudinal cavities in the shells, and vary 
in number from 2 to 6 in each seed). Owing to the small- 
ness of the kernels, it was found imi)racticable to separate 
them from the shells, and the brok(*n seeds were allowed to 
stand in ('ontact with cold ethyl ether until all soluble 
matter had been removed; the ethereal solution was tlnm 
separated from the seeds, the solvent removed, and 20 
grams of a heavy, brown viscous oil of “acidic” odour ob 
tained. Tin* oil i)ossessed the following characteristics: - 



0.9534 


1.4787 

Acid Value 

71.5 

Saponification Value 

194.9 

Iodine No. 

128.1 

( Wij8» 2 hours ) 
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Meal . — Tlie dried, finely ground meal possessed a ‘‘cereal- 
like’’ odour, and a dirty brown colour. A portion of the 
meal was boiled with water, the liquid allowed to cool and 
a solution of iodine added ; the deep blue colouration pro- 
duced sliowed the presence of starcli. Microscopical ex- 
amination of the meaJ revealed minute granules which were 
stained blue with very dilute iodine solution. Ollular 
material other than starch w^as also observed through the 
microscope. 

Shins . — Beyond drying, grinding (for feeding experi- 
ments) and weighing the skins, they w^ere not further 
examined. 

Investigation of Toxic Principle of Fruits. 

As previously mentioned, the various portions of the 
fruit, as well as solvent extracts, were submitted to Mr. E. 
Grant for the jiurpose of carrying out feeding tests on 
guinea jiigs; the ])ortion or portions of the fruit which 
produced poisoning could then be examined carefully with 
a view to isolating the toxic constituent. ‘ 

During the jieriod 1923-1928 over one hundred feeding 
tests wen* conduct(*d, and in each case where toxic symptoms 
were observed, or death resulted, the test was repeated on 
a fr(*sh animal. 

Fruit from Trees Growing at Grafton, New South Wales. 

The following portions of the fruit wTre separately ad- 
ministered to tlie animals, but in no case were toxic 
synijitoins observed : — 

Whole fruit (seed broken) ; skins; meal ; kernels of hard 
seeds; oil from pulp; oil from seed kernels; resin; white 
nodules sejiarated from ether extract; hot and cold al- 
coholic extracts of the fruit. 

A second parcel of fruit from Grafton gave similar non- 
toxic results. 
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Dubbo Fruits. 

A vis 'OHS extract prejiared by treating the fruits with 
boiling alcoliol, and removal of the solvent by distillation 
under reduced i)ressure, ])roduced toxic symptoms, and 
proved fatal. Tlie post-mortem examination revealed evi- 
d(*nce that the effects were somewhat similar to those pro- 
duced by alkaloids of tlie strychnine type, viz. : — 

20 JO /lib. — 3 c.c, alcoholic extract Dubbo (14/10/26) 
siphoiH'd into .stomach at 11 a.m. 

21st to 2r)th, animal active. 

2()th, animal sick; 27th, animal very sick witli slight 
clonic spasms; 28th, animal in comatose condition; 29th, 
(9 a.m.) animal dead. 

Posf-Morfrm . — Body rigid; all voluntary muscles deeply 
congested; spleen slightly so; both kidneys and surface 
vessels congested; no inflammation of stomach or small in- 
testines ; large intestine inflamed ; caecum intensely 
inflaiiu'd. 

Portion of the concentrated alcoholic extract was suc- 
ces‘'iv(*ly agitated with ether and chloroform, and after re- 
moval of tile solvents, the small quantities of extract 
obtaiiH'd were used in feeding tests. Both proved to be 
non-toxic. 

Fruit from a Number of Trees Growing at Parramatta. 

During the i)eriod covering the latter part of 1926, and 
the full year 1927, many collections of fruit, both ripe and 
unripe*, were made, and experiments to isolate the toxic 
constituents, carried out. 

Ripf intif . — An extract was prepared, using boiling al- 
cohol as n)lv6*nt, and the latter was removed under reduced 
pressure*. The dark viscous solution caused toxic symptoms, 
and d(*ath followed in seven days. A post mortem examina- 
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tion indicated poisoning? effects of the strychnine type, and 
similar to those i)roduced by the Dnbbo fruit, viz.: — 

20/10/26—3 e.c. siphoned into stomach at 11 a.m. 

23/10/26, animal active; 25/10/26, animal sick; 
26/10/26, animal very sick. Clonic spasms and riji^ors 
similar to those produced by strychnine. 

27/10/26, animal dead. 

Posf-Mortvm . — Body ri^id, althou^^h dead several liours; 
voluntary muscles all deeply congested; liver congested; 
spleen slightly’ so; heart and lungs normal; both kidneys 
and surface vessels deeply congested; patchy inflammation 
in pyloric end of stomach; small and large intestines nor- 
mal; caecum intensely inflamed. Absorption probably 
takes place in the ca(‘cum. 

Attk]mpt to Isolate Toxk’ Constituent. 

A portion (1 lb.) of fruits was sterilised in a moist at- 
mosphere in the autoclave at a pressure of 2 lbs. of steam 
per square inch (in order to destroy enzymes which might 
decompose alkaloidal substances), the skins broken and the 
fruits agitated with a mixture of solvents and ammonia, 
as described by T. A. Henry in “Plant Alkaloids'’, 1913, 
I). 180. As a result of the treatment 0.1 gram of a brown 
amorphous residue with an odour resembling nicotine was 
obtained, which was dissolved in 1 c.c. of absolute alcohol 
and siphoned into the stomach of the animal. The material 
proved non -toxic. A further lot of fruit was similarly 
treated and a solution of 0.1 gram of the extract in 1 c.c. 
absolute alcohol allowed to stand until most of the solvent 
had spontaneously evaporated ; it was then diluted to 2 c.c. 
with saline solution, and 1 c.c. of the liquid injected sub- 
cutaneously into the groin of the animal. Toxic effects 
did not follow. 
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Treatment of hot Alcoholic Extract tviili *"Floridin 
Earth/ ^ — In order to determine if the toxic constituent 
might be recovered from the aleoliolic extract by selective 
adsorption, a quantity of extract was prepared by treating 
700 grams of th(‘ fruit with boiling alcohol, and agitating 
the cooled solution with a quantity of activated Floridin 
Earth (XXH grade) on tlie shaking machine for several 
hours. The Earth was recovered by filtration, washed with 
alcohol, and then thoroughly extracted with chloroform. 
A trace only of residue was obtained after removal of the 
solvent, which did not jiroduce poisonous effects. 

Ethereal Extract of Eipe Fruits. — Since the results 
obtaiiK'd gave little indication of the actual source of the 
toxic constituent, it was decided to conduct feeding tests, 
using the ether extract of the fruit (which latter had 
I)i‘(‘viously been treated with light petroleum etluT for 
r(*moval of the fatty portion of the pulp). Tlie solvent 
was removed from the ethereal extract and a light brown, 
tacky resin was obtained. About O.o gram was dissolved 
in 5 c.c. absolui(‘ alcohol, and 2 c.c. siphoned into the 
stomach of a guinea pig. The animal died in 24 hours, 
the symptoms and effects being similar to those of the 
previous tests which had proved fatal. The (‘xperiment 
was repeated on another animal with similar results, viz. : 

16/;V27. 2 c.c. alcoholic solution siphoned into stomach 
at 2.25 ]).m. ; Jl a.m., animal very ill, no specific symptoms; 
12 noon, Olonic s]>asms suggestive of brucine or strychnine 
])oisoning; 2.20 i).m., animal dead. 

Post-mortem. — All the muscular tissues had a pink tinge. 
Heart and lungs normal; large, blotchy haemorrhages in 
mucosa of cardiac end of stomach, contents of latter frotliy 
and pale green in colour; intestine normal ; caecum normal 
and contents fairly dry, normally they are ^‘sloppy. 
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Isolation of Alkaloid ^\ — The ethereal extract (43 
jrrams) was dissolved in 200 c.c. ethyl ether, and agitated 
with llircM sueeessi\e portions of 20 c.c. of 0.5% sulphuric 
acid solution. The acid liquor was separated and a portion 
treated with Meyer’s solution; a white fiocculent precipi- 
tate was thrown down, this being the first chemical reaction 
indieati\(‘ of an alkaloid obtained since commencing the 
investigation. After washing with a small quantity of 
ether, the acid solution was made alkaline with ammonia, 
and the fluorescent solution agitated with three successive 
portions of chloroform, separated, and the solvent allowed 
to spontaneously evaporate. A small quantity of resinous 
material was recovered which was dissolved in a small 
([uantity of alcohol, and used in feeding tests. The 
material jirovcd to be non-toxic. Portion of the resin from 
the abov(» treatment was used in a feeding test and also 
gave a negative toxicity result. 

riifortunatcly it was not possible in this case to admin- 
ister a mixture of the treated resin and the alkaloid (?) 
owing to the whole of the latter having been used in the 
feeding test. 

Treatment of Ethereal Solution of Resin (After Removal of 
^Alkaloidal” Body as Above) for Removal of Acid 
Constituents. 

The ethereal solution was washed free from sulphuric 
acid and agitated successively with the following aqueous 
solutions: — 0.1% sodium carbonate, 1% sodium carbonate 
and 1% potassium hydroxide. In each case the alkaline 
extract was s(q)a rated, washed with ether, and decomposed 
with dilute sulphuric acid; the liberated acid body was 
exti’acteil with chloroform, and the solvent removed. In 
this manner the following products were obtained: — 

Extract with 0.1% Na-^COi Solution. — 1.4% of brown, 
viscous material of pleasant ‘‘acidic” odour. 
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Extract with 1% NaJ^O^ Solution. — 3.6% dark, viscous, 
pleasant smelling material. 

Extract with V/( KOII Solution. — 8.2% dark, viscous 
material of pleasant odour. Its solution in chloro- 
form exhibited a marked fluorescence. 

The ethereal solution of the re.sin after the above treat- 
ment with alkaline solutions was washed free from alkali, 
and i\ jiulden yellow, tacky resin of pleasant odour recov- 
ennl. small })ortion of each of the extracts and the 
residual resin were used for feeding tests, all of which gave 
negativ(‘ results for the ))resence of toxic bodies. 

Unripe Fruits from Parramatta, 22nd March, 1927. 

This parcel of fruit was obtained from a tree growing 
in tli(‘ gT'ounds of Messrs. Meggitt Ltd., Parramatta, New 
Sontli Wales, The berries were almost si)hericHl and the 
skins givMUi, with the exception of a few wliich showed a 
slight yellow tinge, indicating the first stage of rii)ening. 

The l)erri(‘s were bruised, and dried in air and sunshine; 
1hre(‘ pounds of dried fruit were thus recovered from 51bs. 
lOozs. of llie fresh fruit (a determination carried out on 
100 gi-anis ef the fruit by drying at 100° C. showed that 
the fruit contained 58.5% moisture). They wen^ allowed 
to stand in contact with cold ethyl ether (previous extrac- 
tion with i>etroleum ether was considered unnecessary) for 
ten (lays; the solution was pounnl off, and the solvent 
removed, wlien a small volume of green, oily emulsion, 
containing dark lumps of resinous material, was obtained. 
The li(ji!id was poured through a filter cloth, the resinous 
lumps being retained on the filter. Both the oily filtrate 
and Lie resin (0.5 gram of each) were separately dissolved 
ill small volume's of alcohol and used in feeding tests. As 
a result the oily filtrate was non-toxic, whilst the resinous 
juirtion killed in 24 hours, viz. : — 
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11/4/27. — 2 e.c*. alcoholic solution siphoned into stomach 
at 2.30 p.m. 

12/4/27. — Severe convulsions followed by comatose con- 
dition. 12.30 ]).m., animal dead. 


Post-mort( i)L — lOotcliy haemorrhages in the cardiac 
mucosa of the stomach; large haemorrhagic areas in the 
mucosa of the caecum; heart dark and congested; liver 
slightly pale; otlier organs normal. 


Isolation of ** AlkaloidaV^ Substance . — The remainder 
of the resin was dissolved in ether, and the solution 
extracted wdth successive portions of 0.1% sulphuric acid, 
a total of 100 c.c. of acid being used. The acid solution 
w^as separated, filtered, and on testing with reagents the 
following reactions were observed: — 


Reagent. 
Picric acid solution 
I in KI 
HgClg solution 
Meyer’s solution 
Phosphotungstic acid 
Ammonium persulphate 


Result. 

Slight ppt. on standing. 
Heavy ppt. at once. 

Slight ppt. on standing. 
Moderate ppt. on standing. 
Slight ppt. on standing. 
Slight ppt. on standing. 


A portion of the acid solution was used in a feeding test, 
with non-toxic results. A portion (30 c.c.) was almost 
neutralised with decinormal KOH, the solution concentrated 
on the water bath almost to dryness, and the residue treated 
successively wdtli ether and chloroform; practically nothing 
w^as dissolved by the solvents, and the aqueous solution was 
carefully evajiorated to dryness on the water bath. The 
brownish residue, which contained crystals of potassium 
sulplmte, w’as treated with absolute alcohol and the solution 
filtered; the solvent Avas allowed to spontaneously evapo- 
rate, leaving a very small quantity of yellowdsh residue. 
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Portion of a solution of the residue in alcohol was fed 
to a guinea pig with non-toxic results. 

Since both the resin and the isolated ‘‘alkaloid"' 
respectively failed to produce toxic results, it was sug- 
gested that a mixture of both might prove toxic. Accord- 
ingly 0.5 gram of the “alkaloid free/' resin was dissolved 
ill 5 c.c. of alcohol, and mixed with 5 c.c. of the alcoholic- 
solution of the “alkaloid." This solution was used in 
feeding tests and produced toxic effects similar to those 
of the original resin. 

It was thus apparent that administration of the resin 
together with the “alkaloidal" substance was necessary 
to bring about toxic results. 

Unripe Fruit from Parramatta, 5th May, 1927. 

This coll(‘ction, from the same tree, re])resented portion 
of the same crop obtained in March, 1927. The berries 
were mostly green, a small proportion only having acquired 
a yellowish tinge; the pulp of the berri(‘s was softer and 
more “iu(*aly" than that of the March collection. The 
moisture content was 52.5%. A quantity (15 lbs.), after 
bruising, was dried in the sunshine, and treated with cold 
(‘tliyl ether for 8 days. On removal of the ether solution, 
a brown, a(|ueous solution separated at the bottom of the 
vessel. This was apparently derived from moisture- 
remaining in the pulp. 

The green ethereal solution was separated, concentrated 
to small bulk (50 c.c.) and transferred to an open dish, 
where it set to a gel on cooling. It was allowed to stand 
for three days, when 13.5 grams of a dark-green, tacky 
mass, which appeared to consist of a mixture of fat and 
resin, was obtained. This was dissolved in ether and the- 
solution agitated with 0.1% sulphuric acid solution. The 
separated acid solution gave a precipitate with Meyer 'a 
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isolution. Tlie acid solution was almost neutralised with 
dilute KOH solution, a greenish ctdoured liciuid resulting, 
which exhibited a blue fluorescence similar to that shown 
by dilute (|uinine solution. The solution was concentrated 
under reduced pressure (temperature not exceeding 
60^^ C.) to about 20 e.c., a dark coloured resinous material, 
in addition to crystals of potassium sulphate, beina* de- 
posited on tlic sid(*s of the vessel. The contents of the 
vessel were removed with warm water, Altered, and the 
residue on Altej* i)aper, Avhich a])peared to consist of meal, 
washed with .small (luantities of warm water, thes(‘ being 
Rdded to the Altrate. The latter was carefully evaj.orated 
to very small bulk on the water bath, a dark resinous 
material separating out, the whole of Avhich adluTefl to a 
glass rod when the liquid was stirred ; the aqueous solution 
containing crystals of potassium sulphate was evaporativl 
almost to dryness, the residue triturated witli alcoliol, 
filtered, and the alcohol allowed to spontaneously evapo- 
rate; 0.5 gram of brown resinous material being obtained. 

Tile re.sin arihering to the glavSS rod was dissolved in 
alcohol, the solution Altered from adhering potassium 
sulphate, and tlie alcoliol removed; 0.5 gram of brown 
resinous material being recovered. In addition to the 
above, 0.4 gram of resinous material adhering to the bottom 
of the vacuum distillation apparatus was recovered by 
washing the vessel with alcohol. 

The three lots of “alkaloidar^ resin were mixed together 
by di.ssolving in 20 e.c. alcohol. The original ether extract, 
after treatment with 0.1% sulphuric acid, was recovered 
from the ethereal solution, and 11.5 grams of a greenish- 
coloured, vi.scous mas.s obtained. This was agitated Avith 
100 e.c. alcohol (the resin being dissolved, and the fatty 
portion remaining in suspension) and 10 c.e. of alcoholic 
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liquid mixed with 2 e.c. of the “alkaloid” solution; by this 
means a mixture was obtained whieli contained llie two 
constituents in the same ratio in which they were present 
in the orij^iiial ether extract. 

Feeding* tests were conducted with (1)3 c.e. “alkaloid” 
solution, (2) 3 c.e. “non-alkaloidal” solution, and the 
abovementioned mixture of both. All three ^^av(‘ negative 
toxicity results. 

Oil from Kernels of above Fruii . — The fixed oil extract(*d 
from a cjuantity of the broken seeds, after removal of skin 
and pulp, by (‘xtraetion with ether, proved non-toxic. 

Fruit from Tree at Parramatta, 8th July, 1927. 

Both rij)e and semi-ripe fruit was collected at the same 
time, and separately treated with etliyl ether. The ]*esult- 
injjf extracts were used in feeding tests, but in both cases 
proved to be non-toxic. 

Ripe Fruit Obtained from Tree Growing at Richmond, 

New South Wales. 

An ether extract obtained in the manner i)revionsly 
described proved to be non-toxic. 

A concentrated ah'oholic extract of the fruit was also 
non-toxic. 

CoNCLI'SIONS TO liE DRAWN FROM ABOVE ExFERJMENTS. 

As previously mentioned, it would apjiear that the occur- 
rence of more than one variety of the siiecies would account 
for the presence of a substance or substances possessinj^ 
poisonous properties in the fruit from one iiarticular tr(‘e, 
and its absence in another. At the same time, it is apparent 
that in the variety bearing poisonous fruit, either \he 
metliod of treatment to obtain the toxic bodies sometimes 
destroys the active substance, or, alternatively, changes in 
chemical composition take place in the fruit during the 
process of ripening. 
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Summary. 

1. — All investigation of the fruit (drupe) of the White 
Cedar {Melia Azedarach, L./var. anstralasica C.D.C. ; Syn, 
M anstralasica, A. Juss) growing in New South Wales was 
carried out to determine its chemical composition and also 
to isolate the toxic principle. 

2. — Proximate analyses of fruits from trees growing at 
Grafton, and Dubbo respectively, have been made. 

3. — Although incomplete, the results of the examination 
liave revealed an idea of the chemical composition of the 
oil present in the pulp, the presence of a reducing sugar, 
dextrose, and the characteristics of a resin extracted by 
ether. A meal consisting largely of starch was also present 
in the Jiulp. The kernels of the hard, ribbed seeds con- 
tained a fixed oil. 

4. — The results of approximately 100 feeding tests on 
guinea pigs indicated that a toxic principle was present 
in the fruit of at least one variety of the 8])eeies, and 
further, that the toxic substance occurred in the resinous 
portion extracted with ethyl ether from both rijie and 
unripe fruit respectively. 

5. — A basic substance of alkaloidal nature has been ex- 
tracted from the resin by means of very dilute sulphuric 
acid, which substance and the resin from which it was 
extracted were non-toxic when used in separate feeding 
tests. A mixture of both, however, proved toxic. 

6. — The symptoms of poisoning observed following feed- 
ing tests on guinea pigs, and the results of post mortem 
examinations, were similar to those obtained with alkaloids 
of the strychnine tyi)e. 
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THE CONDENSATION OP a/i-DIBROMOCAR- 
BOXYLIC ACIDS WITH BENZENE IN THE 
PRESENCE OF ALUMINIUM HALIDES. 

By John Campdell Earl d.Sc., Ph.D., 
and Clive Henry Wilson. 

(Read before the Royal Society of New South Wales, Oct 7, 1931.) 

The condensation of trimetliylethylene dibromide with 
benzene in the presence of alnmininm bromide yielded 
aa-dimetliyl-^-phenylindene (tliis Journal 1930, 64^ 90), 
that is, dehydrogenation and riu^ formation were involved 
as well as tlie replacement of the halopjen atoms by ]Jienyl 
groups. It appeared of interest, therefore, to study the 
behaviour of other dibromo-eompounds under similar 
conditions. 

Cinnamic acid dibromide with benzene in the presence of 
aluminium bromide or ferric chloride gave good yields of 
<i^)S-triphenyl propionic acid, m.p. 216.5® uncorr., which 
has been described previously by Kohlei* and Heritage 
(American (Chemical Journal 1905, S3, 156), and Eijkman 
(Chcmisch Weekblad 1908, .5, 655-666; available in the 
form of abstract only in J.C.S. abs., 1908, 94, 796.). With 
aluminium chloride, however, another acid was obtained 
(m.p. 148°C.), and this on examination was found to be a 
derivative of 9-10-dihydroi)henanthrene. Distillation of 
the calcium salt of the acid yielded a hydrocarbon, the 
analysis and molecular weight of which indicated the com- 
position Coo IIic On oxidation of the hydrocarbon with 
chromic acid in glacial acetic acid a substance of the com- 
position Cjo Hi 4 O was obtained, while with aqueous per- 
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man^anate botli beiizoit* acid a^d phthalic acid 'snmtc formed. 
These results are best int(‘rpreted by assi^ninji: the struc- 
tures I ajid IT to the acid and the hydrocarbon, respectively. 



T. II. 


Confirmation of this conclusion ^vas afforded by tlie ap- 
plication of similar methods to crotonic acid dibromide, in 
tliis case, nsin^: ahiminium bromid(‘, a/l-diphenyl butyric 
.acid (m.p. 188^(\) was ju’oduced, while with aluminium 
chloride a mixture of the same product and another acid 
(m.p. 127' ) was formed. This second acid, on oxidation 
with chromic acid in the ])resence of dilute sulphuric acid 
.jdelded dipheiiic acid, and is therefore to be indicated by 
•the structure III. 



Experimental. 

a^/^-triphenyl propionu; acid (aluminium bromide as 
condensing: a^ent). 

Cinnamic acid dibromide (78 *?rams) was dissolved in 
benzene (200 cc.), and aluminium bromide (96 grams) dis- 
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solved in benzene (50 ce.), Avas gradually added over a 
period of one and a half hours. Then' was a vigorous evolu- 
tion of liydrogen bromide, and after this had moderated 
the mixture was heated on a boiling water bath for seven 
hours. 

The product was shaken with concentrated hydrochloric 
acid, Avhen a thick emulsion was formed, together Avith a 
loAver acid layer. The emulsion w^as separated as far as 
possible and heated under a reflux condenser with a ten 
per cent, solution of sodium hydroxide. A light brown 
crystalline solid separated, but AA^as re-dissolved on the ad- 
dition of more Avater and heating. The acid Avas precipi- 
tated as a light yellow^ crystalline solid AAdieii the alkaline 
solution w^as poured into the hydrochloric acid. The crude 
product (59 grams) was re-crystallised from hot aqueous 
alcohol Avhen 47 grams of purified acid melting at 216.5°C. 
(uncorr.) Avere obtained. 

a/?^-triphenyl propionic acid (ferric chloride as 
condensing agent). 

Anhydrous ferric chloride (14 grams), cinnamic acid di- 
bromide (20 grams), and benzene (60 cc.), were mixed and 
the mixture heated on a boiling w^ater bath for six liours. 
The benzene solution w’as washed three times with dilute 
hydrochloric acid and then with water, after wdiich it was 
shaken tAvice with a ten per cent, solution of sodium 
hydroxide (150 cc.). After decolorising wdth animal char- 
coal the alkaline solution was acidified when the acid (16 
grams) Avas precipitated. The crude product melted at 
209 °C. and after twice re-crystallising from aqueous al- 
cohol its melting point was raised to 215® C. 

Ethyl ester of a)6)3-triphenyl propionic acid. 

The calcium salt of the acid (4.5 grams) was suspended 
in boiling absolute alcohol (40 cc.), and dry hydrochlorie 
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acid fjfas passed into the boiling solution during three hours. 
On ])Ouriug into water the solid ester (3.6 grams), was 
preeijiitated. The crude product molted at llo^C. and, 
after recrystallisation from alcohol the melting point was 
raised to a constant value of The saponification 

number of the ester (no. of mgms. of potash required to 
saponify one gram of the oil) was found to be 170 (calcu- 
lated for CooliirCOOEt, 170). 

9, lO-dihjdro-9-phenyl phenanthrene-lO-carboxylic acid. 

Powdered aluminium chloride (60 grams) was added 
gradually to a solution of cinnamic acid dibromide (90 
grams) in benzene (400 cc.). After being allowed to 
stand overnight, tlie mixtun* was heated on a boiling water 
bath for four hours, at the end of which time the evolution 
of acid fumes had practically ceased. 

The resulting benzene solution was washed tui(*e with 
concentrated hydrochloric acid and subsecjiicntly with 
water, after which it Avas extracted twice with a ten per 
cent, solution of sodium hydroxide (100 cc. each time). On 
acidifying the alkaline solution a semi-solid material 
seiiarated, which became hard on standing. After re- 
crystallising from hot aqueous alcohol 76 grams of a pro- 
duct melting at 14o°C- wene obtained. Further recrystal- 
lisation raised the melting ])oint to a constant value of 
148°C. (uncorr.). 

E(|uivalent weight by titration Avith standard alkali; 
found 299, calculated for CVoUioCOOll, 300. 

Analysis ; found, Carbon 83,9, Hydrogen 5.3 per cent. ; 
calculated for C 21 HMO 2 , Carbon 84.0, Hydrogen 5.3 per 
cent. 

The ethrl ester of the above acid. 

The ethyl ester was prepared by a similar method to that 
employed in the case of o^jfil-triphenyl-propionic acid. The 
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recrystallisod product melted at 116°C., but a mixe^ 
meltiiij^ point ^^itll ethyl-tri])henyl"propionate (m.p.ll9°C.) 
showed a d(‘pression to 79^(\ Saponification value, found 
172, calculated for C 2 ()ni 5 C()OEt, 171. 

9-phenyl, 9, 10-dihydrophenanthrene. 

Tile acid (10 f?rams) from the aluminium chloride con- 
densation was finely powdered and mixed with an excess 
of soda lime. Tin* mixture was heated in a copper retort 
until no further ])roduct distilled over. The distillate was 
transferr(Hl to a filter and washed first with dilute sodium 
carbon a t(^ solution and then several times with water. The 
resultin<j^ product (1.4 ^rams) after recrystallisation from 
alcohol melted at 121.5°C. 

Found, Carbon 9J1.7, Hydrogen 6.3; calculated for 
CjoIIitj, ("arbon 93.7, Hydrogen 6.3 per cent. 

Molecular weight, found (by Mr. 11 . A. Wallace), 259; 
calculated 256. 

Oxidation of the Hydrocarbon. 

(aj With chromic acid in glacial acetic acid. 

The hydrocarbon (1.9 grams) was dissolved in glacial 
acetic acid (25 cc.) and chromic acid (10 grams) gradually 
added. The solution was boiled under a reflux condenser 
for 10 minutes, after which it was poured into water. The 
separated oil was extracted with benzene, and the benzene 
solution shaken with a 10 per cent, solution of caustic soda. 
Th(‘ \\dsln»d and dried benzene solution, after evaporation,. 
yield(‘d an oil which crystallised on standing. The crude 
protluct (1.1 grams') melted at 103°C., and on recrystallisa- 
tioii from Jigroin the melting j)oint was raised to a con- 
stant \idue of 105-106 C. 

Found, Carbon, 88.3, Hydrogen 5.2 per cent. ; calculated 
for ('*20^^1140, Carbon 88.8, Hydrogen 5.2 per cent. 
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(b) AVitli ])otassium permanganate. 

The Iiydroearbon (2 grams) was mixed with a solution 
ot‘ potassium permanganate (2 grams) in water (400 cc.), 
and tile mixture was boiled under a reflux condenser until 
all the jiermanganate had been reduced. The solution was 
filtered and again boiled with two successive quantities of 
2 grams oT potassium permanganates the last portion being 
not compl(‘t(dy rcMlueed. The excess of permanganate was 
destroyed 'with sodium bisulphite, and the solution acidi- 
fli*d and extra(ded with ether. From the (‘thereal extract 
0.4 grams of benzoic acid were isolated. The aqueous solu» 
tion was neutralised and evajiorated to small bulk and again 
acidifl(Hl, when 0.42 grams of a solid material, identified as 
phthalic acid, were obtained. 

a/^-Diphenylbutyric acid. 

a/^-Dibromobutyric acid (4 grams) was dissolved in 
benzene (150 cc.), and aluminium bromide (7 grams) 
added. The mixture was heated on a boiling water bath 
for six hours, after which it was washed twice with con- 
centrated hydrochloric acid and subseiiuently with w’ater. 
The benzem* solution w^as then shaken with two successive 
(piantities (50 ee.) of 10 per cent, caustic soda solution, 
from which the acid (o.l grams) was jirecipitated by the 
addition of hydrochloric acid. On recrystallisation from 
acpieous alcohol, 2.7 grams of the pure acid, melting at 
187 °C., Avere obtained. E(|uivalent by titration, found 
227.5, calculated for C,nHi,C0011, 240. 

9, lO-dihydro-9-methyl phenanthrene-lO-carboxylic acid. 

a^-Dibromobutyric acid (15 grams) was dissolved in 
benzene (250 cc.) and aluminium chloride (20 grams) 
added. After heating on a boiling winter bath, the pro- 
duct was treated as in the previous experiment, 10.5 grams 
of a crude acid material being obtained. This was separa- 
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ted into two fractions by crystallisation from alcohol, the 
less soluble portion (2.1 fyrains) being identified as 
a^-diphenylbiityric acid (mpt. 188°C.). The more soluble 
portion (4.5 grains), on repeated crystallisation, attained 
a constant melting point of 127°C. 

Found, Carbon S0.6, Hydrogen 5.8 per cent.; calculated 
for Cl JIj 40 .>, ('arbon HO.fi, Hydrogen 5.9 per cent 

Equivalent, found, 235; calculated for (\rjrnC001I, 
238. 

Oxidation of the above acid. 

The acid (2 grams) was mixed with water (300 cc.) and 
sulphuric acid (15 cc., concentrated), and to the mixture 
chromic acid (25 grama) was added, the whole being 
boiled under a r(‘flux condenser for 4 hours. After stand- 
ing overnight, the insoluble material was filtered off and 
treated witJi ammonia. The ammoniacal solution was 
filtered and acidified with hydrochloric acid, when a white 
precipitate (1.78 grams) separated. The crude material 
melted at 221 °C.; after two recrystallisation^ from water, 
the purified product melted at 227° C., and showed no 
depression of melting point when mixed with an authentic 
sample of cliphenic acid. 

The authors’ thanks are due to Mr. S. L. Leach, B.Sc., 
for assistance in the experimental work described in this 
paper. 

Department of Organic Chemistry, 

The University of Sydney. 
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THE ESSENTIAL OIL OF LEPTOSPERMUM 
LIVERSIDGEI, VAIUETY B., AND THE 
0(MnTRKEN(^E OF ISOPFLEGOL. 

Part 1. 

By A. li. Penfold, F.A.C.I., F.C.S. 

Curator and Jiionoinic Chemist, Sydney Teclinohujud Mttu-'uni. 


(Read before the Royal Society of Nrtu South J rales, Nov. 4 , 1931 .) 


Jn a paper entitled “ Obs(3rvations respecting some 
essential oils from Lepio.^Dermum Liversidtjn/^ published 
in the Journal and Proceedings of tlie Royal Society of 
New South Wales, Volume LVT (1922), pages 80-87. the 
author directed attention to the probable occurrence of 
sevwal forms of Leptospevwuw Livevsulyci as evidenced 
by the composition of the essential oils. Field observations 
conducted since that date have confirmed the views then 
ex})ressed. Numerous distillations of essential oils from 
the leaves and terminal branch lets collected from various 
parts of Queensland and New Houth Wales supj)orted by 
held investigations have shown a similar occurrence of 
physiologic forms to that reported in the case of Encahjpius 
dives. (8ee this Journal, Vol. LXl (1927), pages 54-67.) 
The oil obtained from Variety B. was found to contain 
citronellal in quantity (no citral) and thus differed con- 
siderably from the Type which contained the aldehyde 
citral instead. 

The aldehyde content was determined by the bisulphite 
method, and for the reasons set forth in the paper entitled 
“The Estimation of Citronellal and Citral in Australian 
Essential Oils,’' published in the Journal and Procc^edings 
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of the Sydney Technical ColJej?e (^liemical Society, Volume 
4, paj?(‘s 58-00, it was found necessary to redetermine the 
citronellal coiittmt by more reliable and accurate methods. 
The re-examination by tliese new methods, and particularly 
the IIo]ta])pel method, as modified by Peiifold and Arne- 
man (l.c.), shows the actual aldehyde content to be from 
33-42 , as per results shown in Table It was 

ai)[)arejit, therefore, that the diff(‘rence in the results 
obtained between the modified IJoltappel method and the 
bisulphite method was due to the presence of an uniden- 
tified substance, most f)robably a closely related alcohol 
which was absorbed in the bisulphite liquor and estimated 
as aldeliyde, as mentioned on page 55 of aforementioned 
l)ublication. A careful examination revealed the presence 
of isoinilegol, wiiich according to J. L. Simonsen (‘^The 
Terpenes,’’ volume 1, page 254) has not been found to 
occur in naturi'. Although citronellal is readily converted 
into isopul egol, yet the evidence adduced in this investiga- 
tion proves beyond all doubt the natural occurrence of 
this alcohol in the freshly distilled oils. The isolation and 
identification of isopulegol, both free and combined, in 
this particular oil is the first authentic record of its natural 
occurrence. 

There still appears to be a further unidentified con- 
stituent, as the quantity of isopulegol isolated, together 
with the citronellal as determined, plus the sesquiterpene 
alcohol, falls considerably short of the total amount of 
acetylisable constituents. This body is now being sought 
and the results of the further investigation of this oil 
will be made available at a later date. 

Essential Oils. 

The essential oils were of a pale yellow to brown colour,, 
moderately mobile, with a pronounced odour of citronellal. 
Nearly 2,000 lbs. weight of the leaves and terminal branch- 
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lets, cut as for commercial i)iirposes, on subjection to steam 
distillation, j>:ave an avera<re yield of O.oVt of oil. The 
identity of f/-^/-pinene and citronellal, as previously re- 
ported, were confirmed, whilst the oeeurrenee of isopulegrol, 
top'ther with a ses(piiterpene alcohol and tlieir caprylic 
and caju-oie acid esters has now been established. 

Experimental. 

The leaves and terminal branchlets of Variety B., cut 
in all instances as for commercial distillation, and obtained 
principally from the Coraki District of New South Wales, 
yielded, on distillation witii steam, crude oils possessing 
the elienii(*al and physical characters as shown in accom- 
j)anying Table 

Every consignment was separately examined, but for 
th(‘ purf)oses of this communication the results for the 
last consigiiment only are recorded. 

300 e.c. of crude oil, 30/6/ ’31, were distilled at 10 mm. 
with the following results, viz. :• - 



BoilinK 

Point 


Volume 


«r 

% 

Aldehyde 

Content 

1 

48-r>5‘ 


17 c.c. 

0.H622 

+ 37.3“ 

1.4654 

18% 

2 

5r)-«o' 


16 c.c. 

0.8689 

+ 23.0" 

1.4611 

87% 

3 

80.95” 


196 C.C. 

0.8818 

+ 9.3“ 

1.4604 

68% 

Ester No. 

4 

95”(10 mm.)-115°(r) 

mm.) 

15 c.c. 

0.9161 

+ 8.76^ 

1.4763 

82 

5 

115”(5 mTn.)-130’(5 

mm.) 

14 c.c. 

0.9509 

+ 8.75“ 

1.4875 

52 


Dcierminatioii of ii-a-pineiie. 

The j)resence of pinene in the first and second fractions 
vas determined in the first communication referred to by 
the ])repa ration of the nitrosochloride. It was deemed 
advisable to confirm the presence of this terpene in 
Fraction No. 1 by removing small quantities of the alde- 
hyde with sodium bisulphite solution. The treated oil 
was then washed with W’ater, dried and distilled over 
metallic sodium at 764 mm. The major portion of the 
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oil distilled at 154-156'’ (764 mm.) and had 0.8621 

"d** 1.4646. Oxidation with potassium perman- 

ganate resulted in an exeellent yield of pinonic acid, whicli 
after purification from ])etroleum ether (boiling point 
50-60°) melted at 70°. 

0.5170 gram in 10 e.e. chloroform gave a i)olariraeter 
reading of +4.6®,[r4]jf' = 

De1( nmndtion of cifroaelUtL 

The amount of citroneilal in fraction No. 3 was found 
to be 53%. A sample of the aldehyde i)urified through 
the bisulphite compound gave the following chemical and 
physical constants, viz. : — 

Boiling point 88-91’ (10 mm.) 0.8611 -f 10.1 
1.4484. 

The semicarbazone prepared therefrom melted at 82.5°. 

Determinaiion of isopulegoL 

50 c.c. of fraction 3 were heated with an equal weight 
of phthalic anhydride in benzene solution for eight hours 
on a boiling water bath. (Only a small quantity of iso- 
l)iilegol is produced from pure citroneilal under similar 
conditions.) The phthalic acid ester prepared therefrom 
was treated with excess of 25% sodium hydroxide solution 
and the liberated alcohol blown over with steam. , The 
water-white distillate j)ossessed the characteristic odour of 
isopulegol, wliich resembles very closely that of menthol. 
On distillation it boiled at 92-94° (10 mm.) and had 
rfj*' 0.9199 a*®" -1.75“ n"' 1.4702. Many samples of 
this alcohol were prepared from the various con-signments 
of oils and frave the following range of constants, viz.: — 

Boiling point 92-94“ (10 mm.) dif" 0.9162-0.9189 
-1.1“ to -6.1“ 1.4702-1.4730. 



ESSENTIAT. OIL OF LEPTOSPERMUM LIVERSIDGEI. VAR. B. 18& 

It is of interest to record that samples of isopulegol pre- 
])ured Irom tiie crude ojl iiumediately after distillation 
were found to have a miicli hijjher specific gravity than 
when pr(‘})areil through fraction No. 3 distilling between 
80-1)0 (10 mill.). The chemical and ifiiysical characters 

of such ])roi)arations were as follows, viz. : — 

J foiling point 93-94° 0.9221-0.922S _;^30 

-5.6° wf 1.4716-1.4728. 

In the absence of definite evidence it is assumed that the 
higher specific gravity is due to contamination with small 
quaiititi(‘s of other alcoholic bodies, most probably 
darwinol. The evidence in support of this statement was- 
obtained wluui small (piantities of alcohols isolated from 
the higlier boiling fractions were examined. These w’ere 
found to contain isopnlegol, together wuth an unidentified 
alcohol w’hich had a rose-like odour. In view of the high 
specific gravity it can only be attributed to darwdnol and 
not to geraniol or citronellol. 

The identity of the alcohol with isopulegol was obtained' 
by the ])reparation of various derivatives. On treatment 
witli cyanic acid a good yield of allo])hanate was obtained 
of melting point 219°-220°. Simonsen in ‘‘The Terpenes,^’’ 
volume 1, states that this alcohol can be characterised by 
this derivative. The writer, however, has found that the 
napthylurethane is very characteristic. On allowing 
equimol ocular proportions of isoi)ulegol and napthyliso- 
cyanate to remain in contact at room temperature combina- 
tion resulted in less than twelve hours. This excellent 
derivative on purification from methyl alcohol melted at 
112-113°. 

0.1 gram on combustion gave 0.2857 gram CO2 and 
0.0693 H2O. , 
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C = 77.^2Vf H = 7.7% 

C10II7 NIICOOChJIit requires C = 78.02^/, 

H = 7.74% 

Many combustion determinations made on the i)urified 
.•alcoho] (liiriii^i: the ])ast two years j?ave unsatisfactory 
results, the carbon estimations bein^ always low. The 
results, tlier<d‘ore, are not recorded. 

The identity of the aleoliol with ]sopulef?ol was confirmed 
.beyond all doubt by its oxidation to isopule^one. 

10 c.e. of the alcohol liavinj? 0.9189 a?®'" -1.1° 
1.4724 were treated with 160 e.c. of Beckmann’s chromic 
.acid mixture at room temperature when 10 e.c. of a ktdone 
possessing: tlie following chemical and physical characters 
was isolated, viz.; — 

Boiling point 96-98° (10 mm.) 0.9623 a^^—4.45® 

♦ 1 ^ 1.4691. 

The following derivatives of the ketone were obtained, 
viz. ; — 

1. (a) A semicarbazone of melting point 173' with a 

si)ecific rotation in chloroform solution of - 29.41° 

( 20 °). 

(b) A semicarbazone of melting point 147-148° with 
a specific rotation of + 36.5 (20°). 

2. (a) An oxime of melting point 133-134°, optically 

inactive in chloroform solution. 

(b) An oxime of melting point 124° wutli a s})ecific 
rotation in chloroform solution of +14.9° 
( 20 °). 

It is worthy of note that the best yields and quality of 
isopulegol were obtained when the phthalic acid ester was 
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]»repare(l by prolonj^ed treatment in b(*nzene solution on 
the boiliii" water bath, lleatinj? in an oil bath at 140^^' for 
four hours resulted in a eonsiderably diminislied yield of 
alcoliol. 

Deiermination of ihe esters present in fraeiion^ 4 and 5. 

These fraetions were sajionified with normal aleoliolie 
potassium hydroxide solution at room temperature. In 
this way 7 c.c. of liquid acids Avere obtained which behaved 
as follows on distillation, viz: — 

1st dro])s 245 at 7(>8 mm. 

Between 245-252° 2 c.c. 

15etween 252-270° 2i c.c. 

On account of the comparatively small (juantitios and 
the slip:ht decomposition it was decided to convert portion 
of them to tludr silver salts. 

0.4650 j^ram silver salt of the first fraction ^ave on 
ignition 0.1846 "ram A". Aj?. = 40.47%. 

0.4709 p:ram of silver salt of second fraction similarly 
treated jrave 0.2885 Ag. Aj?. = 28.94^/ . 

These results point to the acid consisting principally of 
caprylic acid, the silver salt of Avhich would yield on 
ignition 38.71% Ag. 

A small amount of silver salt prepared from the aqueous 
acid gave the following results on examination, viz. : — 

0.0620 gram on ignition gave 0.0279 gram Ag. 

Ag. = 45%. 

The silver salt of caproic acid on ignition would yield 
48.43% Ag. 

Computing from these results and taking into account 
the boiling point range of the mixed liquid acids, the writer 
is of the opinion, on the evidence available, that they con- 
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sist of a iJiixtuiv ot* capr.viie and caj)roie acids, the former 
predominatins^. 

Tile residual oil after saponification was treated with 
phthalic anhydride in benzene solution for a prolonged 
period, hut only a very small quantity of alcohol was re- 
^^enerated from the phthalic acid ester jiroduced. Two 
preparations resulted as follows, viz. ; — 

(a) 0.9028 «r ^0° wf* 1.4668 (4 c.c.) 

(b) 0.9253 ±0" 1.4690 (2 c.c ) 

Both W(‘re found to consist of a mixture of iso])ulegol with 
an unidentified alcohol which, on account of its high specific 
gravity and odour, appears most likely to be darwinol. 

The remainder of the oil, after treatment with jihthalic 
anhydride, gave 16 cc. distilling between 140° and 170° 
at 20 mm. It had 0.9477 +5.5° 1.4902, and 

was found to consist essentially of an unidentified ses- 
quiterpene alcohol accomj)anied by small quantities of 
sesquiteri)ene. 

Deter min aiioii of alkali soluble bodies. 

The crude oils, on treatment with 8% sodium hydroxide 
solution yielded under 1^ of alkali soluble bodies. The 
quantities isolated were too small for definite identification, 
but from their general physical characters and deportment 
appeared to be a mixture of eugenol with citronellie acid. 

My thanks are due to Mr. F. R. Morrison, F.C.S., 
A.A.C.L, Assistant Economic Chemist, for much assistance 
in this investigation, and to Mr. P. T. Aubin, District 
Forester at Cora lei. New' South Wales, for his help in pro- 
curing the various supplies of plant material. 
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NOTES ON THE PERICALYMMAE SECTION OF 
THE GENUS LEPTOF^PEEMVM (WITH DESCRIP- 
TIONS OF THREE NEW SPE(’IES). 

B., Cheel, 

Curator of the National Herbarium, Botanic Gardens, Sydney, 


{Read before the Royal Society of New South Wales, N(yi\ 4 , 1931 .) 

In the Journal and Proeeodinj?s of this Soci(‘ty (1918- 
1923) I have already submitted for consideration deseri])- 
tions and notes on six species and one variety of the genus 
Leptospermnm, In the ])resent paper I propose to give 
a brief outline history of the genus and the sections which 
have been raised to generic rank by certain authorities, 
more particularly in connection with the Section Peri- 
calymma, the species of which seem to be much more 
widespread over Australia than has hitherto been recorded. 

The genus Leptospermum was originally establislied by 
the Forsters (1776), who published a description and gave 
■details of certain characters of seven species of Myrtaceous 
plants, together with text-figures of four of these, includ- 
ing Leptospermum scoparium, native of New Zealand, 
commonly known as ‘‘Manuka’^ or ‘‘Tea-tree/’ which is 
generally regarded as the type of genus. Four of the 
species enumerated in the above work have since been 
transferred to Metrosideros, one to Melaleuca, and the 
•other to Baeckeo, It is interesting to note that one of the 
Forsters, in a subsequent work (Geo. Forster, 1786), 
transferred the species of Leptospermum scoparium to 
Melaleuca, and he was followed by Wendland (1819), but 
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«o far as 1 can ascertain, no valid reasons were given for 
tills change. Kobert Brown (1831) seems to have liad a 
very clear conception of the plants allied to the type 
species of what is commonly accejited as Leptospcrmiim, 
for we find that he made the following statement : — 

Leptosipcrmum, of* which nearly thirty Australian species 
have been observed, exists also in New’ Zealand and in 
the Moluccas. In Terra Australis its maximum is decid- 
-edly in the i)rinci|)al parallel, and, like Mdulenca, it is 
much more abundant in the soutlun-n region than w’ithin 
the trojiics. ” 

DeCandolle (1828) enumerat<‘d tw’eiity-six species of 
Lcptoapcrmnm, including three which he classed under a 
section as Atjouis. Don (1832) did not take up the 
name A(/onis^ but enumerated the three species of 
DeCandolle \s seel ion Agonis under Billotia. The names 
BiUofia of Don and BiUottni of II. Brown (1832) were not 
lak(‘n uj) by Bentliam and other workers, probably on 
account of a Ilubiaceous plant being recorded by Colla 
(1825) as BiUiota. Bentham (1866) established tlie 
-sectional name Agonis of DeCandolle as a genus, and set 
up tw’o sections, viz.: Tnxandria, with 10 stamens regu- 
larl}" opposite the calyx-lobes and petals, ovules 2 in each 
*cell ; and Ataxandria, w’ith 20 to 30 stamens, non-opposite 
the centre of the iietals, ovules 4 to 6 in each cell. Ten 
species are enumerated under the genus Agonis by Ben- 
tham (I.C.3, all of which are from Western Australia, and 
Jtxre easily recognised by the flowers being densely i)acked 
in globular heads, besides the other characters referred to 
aibove. 

Bentham (1866) enumerated 20 species and 15 varieties, 
ivhich w^re classed under three sections, based chiefly on 
the number of cells and the shape and size of the seeds 
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contained in the capsules, which may be characterised as 
follows : — 

Fahricia — Capsules 6 to 10 celled. Seeds few, the 
fertile ones comparatively broad and acutely 
angfular, or more or less winj^ed. 

Enlcpfospenn'itm — Capsules usually 5-celled or rarely 
reduced to 4 or 8 cells. Seeds all narrow-linear, 
the fertile seeds scarcely distinguishable from the 
infertile seeds. 

Pericalymmo — Capsules 8-eelled, or very rarely 
4-celled. Ovules 4 to H in each cell, the fertile 
seeds more or less euneate and usually twice the 
size of the infertile ones. 

In a subse(|ueiit work, when commenting on these charac- 
ters, Bentham (1869, p. 135) remarked that he ‘'regarded 
the differences in the structure or shape of the seeds as a 
sectional rather than a generic character. '' 

Bentham also regarded the characters of the numerous 
species of Lepfospermum as exceedingly vague and variable, 
and stated that “they ai)pear all to be connected by an 
almost infinite series of intermediate gradations. ^ ^ Ben- 
tham further remarked (l.c.) “that he found the genus in 
a singular state of confusion. In the first place it long 
formed a common reeei)tacle for all capsular Myrtaceae 
with small coi'iaceous leaves and numerous short stamens. 
Again, a few common species, scarcely distinguishable by 
any positive characters, are yet so polymorphous, especially 
in our gardens, as to have been enormously multiplied by 
horticultural botanists, whilst almost all those wdiich 
showed any tangible specific differences have been at 
various times proy)osed as distinct genera. And, lastly, 
notwithstanding the facility of examining living material 
of several s])ecies common in our plant houses, errors in 
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some of the important characters originally misunderstood 
have been servilely copied by almost all modern botanists. ' ^ 

The three sections as defined by Bentham (1866) form 
natural, easily recognised groups, especially if the mature 
.seeds be taken into account. Although the section 
Pericalymrna was established by Endlicher (1837), based 
chiefly on the 3-celled ovary and a reduced number of 
ovules in each cell, Schauer (1844-45) seemed to regard 
tliis of sufficient nnportance to raise the sectional name to 
generic rank, but Baillon (1880) and Nidenzu (1893) 
followed, in the main, Bentham \s classification. 

It is interesting to nr^e that, in a general review of the 
characters of certain Leptospermoideae, Bentham (1869) 
observed that the characters of Pericalymma also occurred 
in two species of Euleptospermae with numerous ovules 
(i.e., L, abnovme and L. Pod), It is chiefly owing to the 
extreme variation of tlie forms of leaf, the degree of 
pubescence and the variable number of cells in the ovaries 
that so much confusion has been created in the nomen- 
clature of this genus. This, no doubt, has arisen owing to 
the small number or fragmentary nature of the specimens 
upon which some of the species, as well as genera, were 
founded, and probably also because of the difficulty of 
f^pecific determination due to the original description being 
inadequate as well as to the literature being scattered. 

In this regard, we may review Lepfospcrmum abnovme 
F.v.M. Herb, of Bentham. The specimens on which this 
species was founded were collected by Dr. Herman 
Beckler on the Hastings River in New South Wales, and 
originally described by Mueller (1860) under the name 
Kunzea hrachyanclra. It appears, however, that Mueller 
afterwards changed the name in the herbarium to Leptos- 
permum abnovme, Avhich was adopted by Bentham (1866), 
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who records A. Cunningham and «!. Dallachy having also 
collected specimens of the species from the same locality. 
In addition to the Hastings River si>ecimens, Hentham 
fl.c.) also records tlie species from Severn River, N.S.W.^ 
collect(‘d by C. Stuart; Northumberland Island (R. Brown) 
and Duck Creek, Queensland (J. Dallachy), and Port 
Essington, North Australia (Armstrong). In the National 
Herbarium, Sydney, there are si)ecimens from the Endeav- 
our River (collector?) ex herbarium, Brisbane, which in 
no way difi'er from the Hastings River and Port Essington 
s])ecimens. There arc also specimens from the Finis 
River, Northern Territory, collected by AV. S. Campbell, 
who states that ‘‘it looks like Agonis, and is locally known 
as *We(‘ping Tea Tree.’ ” The Finis River specimens have 
rather long leaves, more or less covered with a silky down 
of a silver colour, but are narrower than the Port Essington 
and Eiuh^avour River specimens. White and Francis 
(1920) have transferred the Endeavour River specimens 
to Aijonis as a new species under the name A, longifolia. 

The chief characters on which they have founded the 
si)ecies are the longer leaves and puberulent calyx-tube. 
Having examined a very large series of specimens, collected 
over a very wide area of the northern parts of New South 
Wales, viz., AVauehope, Port Macquarie, Woodford Island, 
Coj)manhur.st, Wilson’s Downfall, Grafton to Dalmorton, 
Casino, Tooloom River, Tenterfield and Ballina, as well as 
a series of specimens from the following localities in 
Queensland — Silverwood and Crow’s Nest, Darling Downs, 
Stradbroke Island, Blunder Creek, Freshwater Creek, 
Redclitf(* and Maryborough, I am unable to draw any 
sharp line of distinction between the original Kttnzea 
brack ijandva of Mueller (which includes Lepiospermnm 
abnormc F.v.M. Herb, of Bentham) and the Agonis 
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abnormis and Afjonis longifolia of White and Francis. The 
plants belonjj^in^^ to the above species, together with those 
of xigonis flhpfica White and Francis, and Agonis ellipHca 
var. angiistitoLia White and Francis (1920), have the 
characteristic Il-valved capsules and more or less cuneate 
or oblong fertile seeds intermixed with narrower infertile 
ones, as is seen in the section Pericalymma. 

in view of this, 1 suggesl that these plants be classed 
as follows; — 

Leijiaspirniuin (ISeet. Pericalymma) brarhgandnim 
nov. (‘omb. {Lepfosperminn abnormc F.v.M. Herb, 
lleiitli.) {Agonis abnormis and A, longifolia 
White and Francis). 

Li pi os pi r mum (Sect. Pericalymma) Whitei, nov. 
comb, (Agonis illiptica White and Francis). The 
si)ecific name dliptica is already preoccupied for 
a sf)(*cies of Lepiospcrmunu hence it is proposed 
to dedicate this rather distinctive series of jilants 
to Mr, (^yril Teiiison White, Government Botanist 
of (Queensland, who has done so much towards 
the investigation of the flora of (Queensland. 

The Rev, B. Scortechini (1881-2), in commenting on 
some plants collected at Stradbroke Island, which he listed 
under Leptospcrmum abnorme, F.v.M. Herb., stated that 
‘Gt is with some hesitation that I introduce this plant into 
the 8oulli Queensland flora. Jts characters do not alto- 
gether answer the description of the typical X. abnorme,^ ^ 

I have not seen the specimens referred to by Scortechini^ 
but suggest that they may belong to the proposed new 
combination, Lepiospermutn Whitei Cheel {Agonis ellip- 
tica (White and Francis) or the var. angustifolia of the 
latter, which show several transitory forms between 
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L. brachifandrum (P.v.M.) Cheel, and Agonis Scorteclii- 
niana F.v.M., which incidentally is referred to by Woolls 
(1889), who says that “it is described by Baron von 
Mueller as being a remarkable species, extending the 
limits of the genus (Agonis) to the eastern coast/' 

With regard to Agonis Scoriechinianay it would appear 
at first sight to be correctly classed in its jjroper genus, but 
when carefully examined it will be noted that the flowers 
are not closely packed in dense globular heads, as in the 
whole of the species of the genus, as found in Western 
Australia, but rather in axillary clusters or terminal 
corymbose-racemes. 

The individual flowers of Agonis Scortechiniamiy as well 
as those of the closely allied species Leptospermum Whitei 
(Agonis elliptica and var. angusiifolia) , are not strictly 
sessile, but are shortly pedicellate, and although in the 
early stage of development are crowded together in the 
numerous brown, scarious, or more or less woolly bracts, 
when fully developed are seen to be in more or less loose 
fascicles of 2 to 5 flowered cymes. Plants of several other 
species of the genus Leptospermum have the flowers 
arranged in clusters or fascicles. The most noteworthy of 
these are L. stellatnmy L, atlenuatum and L. podanthum. 
In this group, however, the pedicels are much more elong- 
ated. The capsules and seed characters of the two groups, 
viz., those with the flowers arranged in clusters witli very 
short pedicels, and those with the flowers arranged in 
clusters with elongated pedicels, are very much the same 
and will form the subject of a separate paper which is 
now being i^repared for the purpose of linking up several 
other species, including Leptospermopsis s. le Moore 
(1920), with the Section Pericalymma. 
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Leptospermum trivalvum, sp. nov. 

Frutex gracilis, 1-3 m. altus, ramis plus minusve pilosis, voliis 
aliquantum fascicularlbus, acutis, 3 aut interdum 5 nervatis, ad 
4-7 mm. longis, 1.5-2. 5 mm. latis, foliis Junioribus aliquantum 
argenteo-tomentosis, glabrecentibus ; iloribus albis axillaribus 
solitarlis, tubo calycis 3-4 mm. lato, ad basim vix attenuate, 
sericeo-tomentoso, lobis 1-2 mm. longis, glabris sed glandulis punc- 
tatls, petalis suborbicularibus, ovario pubescente, 3 loculari, stylo 
1.5-2 mm. longo, stigma minute capitata; fructibus 3-3.5 mm, latis 
valvis tubum vix excedentibus; seminibus fertilibus panels plus 
minus ve cuneatis. 

Slender shrub, varying from 3 to (S feet liigli, branches 
and twi"s more or less covered with silky liairs. Leaves 
somewhat clustered, lanceolate and slip:htly convolute at 
the apex, acute, veined or occa.sionally 5 i)rominent veins, 
the larjjer leaves 4 to 7 ram. lonp^, 1.5 to 2.5 mm. broad, 
the otliers in each cluster smaller, somewhat silvery- 
tomentosc when young;, becoming? glabrous with age. 
Flowers white, singly in each cluster of leaves or axillary 
when the leaves are not clustered. Calyx-tub(‘ 2-4 mm. 
diameter, slightly tapering at the base, silky-hairy, the 
lobes 1 to 2 mm. long, glabrous, but dotted with oil-glands. 
Petals sub-orbicular, twice as large as the sepals, or in 
luxuriant plants larger. Ovulary i^ubescent, 3-4 celled. 
Style 1.5 to 2 mm. long. Stigma minutely capitate. Fruits 
about 3 to 3.5 ram. diameter, the valves slightly exceeding 
the calyx-tube. Fertile seeds few, comparatively large, 
more or less well shaped, intermixed with smaller, 
narrower, infertile ones. 

Tills is an interesting species, usually found on sandy or 
quartzite mountains or ridges in the soutlieru and western 
parts of the State of New South Wales. It has somewliat 
the appearance of L. arachnoidctim in the herbarium, but 
in the field it has quite a different habit, being more 
upi’igbt, and the leaves are broader and more silvery. 
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It has jn’t^vioiisly been confused with L. arachnoideum, 
L. myritfoliini}. L. myrsinoides and L. attenuatnm, but is 
abmidaiitl} distiiiet, being: constantly 11-celled, whereas all 
tlie others art* jiormaJly 5-celled (exeei)t L. myrsinoides^ 
uhich varie*^ Iroin 4 to 5), and the seeds place it in the 
Ih'ricalyninia Section, whtTeas the fertile and infertile 
s(*eds of L. (u aclimndi um, with which it has mostly been 
compart'd, are all narrow and slender, characteristic of the 
Eiileptosperiueat*. 

Dubho to Toiningley, J. 11. Maiden, September, 189H, 
and E. Cheel, ‘October, 19o(). Type. Other localities are: 
Jlubbo to Gilaandra (W. Forsythe, October, 1901); Wya- 
long (J. L. lioorman, September, 1918) ; Wyalong (R. H. 
Oambage, \o. lid, Se])tember, 1900) ; Gilgandra (G. A. 
Withers, No^t'inber, 1925) ; Bogan Gate (K. Walker, eJune, 
1908; E. H. Ising, No. 2171); Warrumbungle Ranges 
(W. P^rsythe) ; Ardlethan (R. II. Cambage, No. 4212) ; 
Harvey Ranges, Peak Hill (J. L. Boorman) ; Nymagee 
(R. H. Cambagt*, 4404) ; Barellan (W. Bourke) ; Cobar 
(Archdeacon Haviland) ; Hill End (R. H. Cambage, No. 
2708) ; Pifield (U. II. Cambage, No. 1949) ; Lachlan River 
(J. Duff, 1882); Ilford to Rylstone (E. Cheel) ; Orange 
and Parkes (Dr. McGillivray, per A. Morris, No. 1117) ; 
Yass (Rev. J. W. Dwyer) ; Bowan Park, near Cudal (W. 
F. Blakely) ; Yalgoblin (J. L. Boorman) ; Bnmberry (Dr. 
d. B. Cleland) ; Queanbeyan (R, 11. Cambage, No. dd70) ; 
Gilmore to Tumut (J. L. Boorman). A specimen from 
Black Mountain, west of Queanbeyan (R. II. Cambage,. 
No. 3091) has fruits tapering at the base into slender 
pedicels, wliidi are perfectly glabrous, and may not belong 
to this species. There are also specimens from Mitta Mitta 
River, Victoria (ex Williamson’s Herb. No. 1657) collected 
by S. Clinton. 
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LePTOSPEKMUM SEMIBAl'CATUM, Sp. nOV. 

Frutex virgatus, 1>2 m. altus, foliis juvenilibus virgisque 
sericeo'liirsutus, glabrescentibus» foliis adultis plus minusve 
glabris, planis, ellipticis vel oblongo-lancc'olatis, 6-14 mm. longls, 
3 mm. latis, 3-5 nervatis, bracteis imbricatis fuscis marginibus 
fimbricatis floros circumdatis, calycis tubo minute hirsute, glab- 
rescente, prime plus minusve succulento deindo aliquantum sicco 
el rugoso, sepalis 1.5 mm. longis aciitis. ovario 5-loculari ovulis 
paucibus, oapsularibus sessilibus 3-4 mm. latis, valvis tubum vix 
excedentibus. 

Slinib witli several wlii])-sti{‘k-like stems springing 
from the base, usually 1-2 M. (4 to o feet) high or rarely 
more than 2 ]\l. (7 feet). Bark more or less fibrous. 
»]uveiiil(‘ leates and twigs silky-hairy, but disappearing 
with so that the fully-d(‘veIoped h‘aves are almost 

glabrous. Leaves plain, elliptical to oblong-laneeolate, 
6-14 jnm. ( t t^ i inch) long, 8mm, (J inch) wide, 3 to 5 
nerved. Flowers enelosed, with brownish -coloured imbri- 
cate bra(ds with fimbriate margins. Calyx-tube minutely 
silky-hairy, but almost glabrous with age, at first some- 
what softly-sueculeiit and berry-like, drying up and much 
Avrinkh'd uitli age. Sepals 1.5 mm. inch) long, acute. 
Ovary o-eelh'd, Avith fcAV ovules, (^ai)sules sessile, 3-4 mm. 
( ineli ) diameter, the vah’es very slightly exceeding, or 
more ofteji level with, the rim of the calyx-tube. 

An interesting plant Avitli fruits more or less succulent 
and somewhat resembling those of L. ylaitcescens Schauer, 
which is united AAdth L, hmigernm by Benthain and others 
as fi synonym, but Avhieh is abundantly distinct from that 
species, as 1 Avill endeavour to shoA\^ when dealing with the 
laniytra series. 

The original specimens of this species were collected on 
Wallis Island, Tuncurry, in May, 1925. The plants were 
in the fruiting stage, with a few flowers in the early bud 
stage, but no fully-developed flowers were present. Sped- 
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mens have since been collected by Mr. C. T. White on 
Moreton Island, Moreton Bay, in Queensland, also in the 
fruitinji; stance, so that I am unable at present to describe 
the ])etals, stamens and style. 

Leptospermitm spiiaero(^arpum, sp. nov. 

Frutex virgatus, 1-2.5 m. altus, foliis 6-10 mm. longis, 2-5 mm. 
latis, lanceolatis acutis, juvenilibus aliquantum hirsutis glabres* 
centibus, obscure 3- tiervatis, floribus solitariis terminalibus 
bracteis scariosis fuscis circumdatis, tubo calycis leviter hirsutis, 
lobls acutis plus minus ve sericeo-hirsutis vel tomentosis, petalis 
orbicularibus albis, circiter 5 mm. latis, staminibus 25-30, capsulis 
maturis plus minus ve sphearicis, 3-vel nonnunquam 4-locularibus, 
valvis sphaerico-convexis, seminibus linearibus circiter 5 mm. 
longis. 

Shrub, with upright, slender, loose branches, from 4 to 
S feet high. Leaves 6 to 10 mm. long, 2 to 5 mm. broad, 
lanceolate, acute, slightly hairy in the juvenile stage, 
glabrous with age; venation not prominent but obscurely 
3-nerved ; oil glands more or less porose-punctate. Flowers 
singly terminal on the young branchlets, surrounded with 
several scarious brownish-coloured bracts. Calyx-tube 
slightly hairy, lobes acute, more or less covered with short 
silky hairs or down. Petals orbicular, white, about o mm. 
diameter. Stamens 25 to 30, almost as long as the petals. 
Style short, with a capitate stigma. (Capsule somewhat 
turbinate, but when fully matured spherical, normally 
3-celled, but occasionally 4-celled, the valves much domed 
before finally opening to shed the seeds, which, both fertile 
and infertile, are linear and about 5 mm. long. 

An exceedingly interesting plant, flowering during 
October, the leaf characters somewhat resembling those of 
L. nitidum of TIooker, which is confined to Tasmania, but 
easily sejiarated from that species, which has smaller fruits, 
always 5-cel led. It has also some resemblance to L, lani^^ 
gernm var. macrocarpum Maiden and Betclie, but this 
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latter lias exceptionally lar^e fruits, also constantly 
5-eelted. L. sphaerocarpum was originally collected at 
(^aboon, 7 miles north of Rylstone, by Mr. R. T. Baker in 
October, 1^98. It lias since been collected in the same 
neighbourhood by E. Chech and at ^ox^s Oeek, near 
Jiylstone, by W. Dunn. Also at Capertee, Rocky Glen, 
Coonabarabran, Warrumbunprle Ranpres, Clarence Siding,. 
Hartley Vale, Mount Wilson. Mount Victoria, and 
Blaekheal h. 
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NOTES ON WATTLE BAlOvS. 

Part III. 

By M. B. Welch, B.Sc., A.I.C., 

licnnotmc Botamsf, 1 cchnoloqical Museum, 

F. A. Coombs, A.A.C.I., and W. McGlynn, 

Tamihit) School, Sydney 7 cchnical C olla/c. 

(Read before the Royal S octet y of Netv South Wales, Pec. 2. 1931.) 

Introduction. 

Some years a^o, an investigation was (*oinm(‘n('(‘(l of tlie 
tanninp: value of certain New South Wales Wattles be- 
Jonprin^ to the so-called Acacia decurrens »’roup. Botanical 
material was collected, top^ether with bark samples, in order 
to determine whether the various membtu’s of this prrou]) 
could be easily recognised. Another object of the investijra- 
tion was to determine whether, by the (‘stablishinent of 
small jilantations from seed obtained from trees which had 
been proved to yield a bark wdth hip:h tannin content, it 
W’ould be ])ossible to improve the averapre tannin yield from 
locally ^^'own w^attles. Unfortunately, the nec(‘ssary assis- 
tance to carry out this project Avas not made available, and 
pressure of other wwlv has so far ])revented the fulfilment 
of the scheme. From examination of the analytical 
figures given for the barks of Acacia moUis^tma, it is very 
evident that New’ South Wales possesses excelhmt potential 
parent trees. 

It has been generally recognised that Acacia awlliasima 
yields the best tan bark of this group, and therefore 
especial attention was devoted to the analysis of a number 
of barks from different localities to determine whether the 
high yield was generally consistent. 
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The Acaviii (lecurrena prroup was regarded by Maiden* as 
containiiijLy the followin" prineipal varieties: (a) var. 
normaJis Benth., now described as A. decnvrens Willd. ; 
(b) var. mollis Lind!., now ^1. mollissima Willd., (c) var. 
pauciylandulosa, F.v.M., now A. irrovafa, Sieber; (d) var. 
Leichhardt a, Benth., now A. Arandelliana, Bailey; (e) var. 
draJbafa, F.v.M., now A. dealbaia Link, and in addition 
there is another species, ^1. filicifolia, (Mieel and Welch. 
There also ai)])ears to be a very definite form oeeurrin^ 
over a fairly wide area which can best b(* rej»:ard(‘d as a 
variety of A. mollissinia, but further data is re(juired. The 
“decurrens” j?roup has in common, wattles with feathery 
bi])innate leav<'S, which are deeurrent on tin* stems, and 
flowers arran^’ed in heads. 

After a careful examination of a lar^^e amount of 
botanical material, there does not a])pear to be any doubt 
but that these species are w^ell established, and can be 
easily differentiated, and that the limits of variation are 
such that there need be no confusion betwecui them. 

In flie following? descriptions, only j?eneral and leaf 
characters are ^dven. Floral characters have not been 
detailed, since wattles are only in flower for a short period 
durinp: the year, and it is important to be able to separate 
the species when flowers are absent. A key to the identi- 
fication of the species is given at the end of the paper. 

Bark Analyses. 

The results given under bark analyses are from butt 
samph's, and can be regarded as the maximum for the 
tree, since, in general, tannin content varies directly as 
bark thickness. All analyses have been corrected to a 
standard moisture content of 11.5%, the ‘‘ insolubles 
being obtained by subtracting the sum of the tannin, 
soluble non-tannins and water, from 100. 
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The bark thiekne.s.s is that obtained by m(»asuremeiit of 
the air-dry bark, and has been ^iven with the analyses, 
since it mnst be rej^arded as an important factor. At the 
same finoN exceptions undoubtedly occur wliicli may be 
due to other infliien(*es, such as rate of firowth and its 
relation to the proportion of old cells in the bark, and 
possibly ]>hysiological variations in the individual tree. 
This is ref(‘rred to in our earlier work.^ 

The major works on wattle barks, Generally, are those of 
Maiden and, later, Cojrhillk Tliest‘ are referred to under 
the various s])ecies, but attention should also be drawn to 
the analyses made by Blockey'^ of sami)les sent by Maiden 
to the Yorkshire ('‘ollejre. Aecordinji' to these results, 
A. inollissima showed a lower tannin content than decurveyxs 
{vonnalis) or Arunddlkma {Leichhardiii) ^ and is little 
bett(‘r than irroraia ( paiinglandnlosa) . The results are 
ba'-ed on single samples, which mif?ht not be representative. 

WiiuT’ ^ives analyses of barks from younj.? trees (two- 
thre(» years) ^rown in the Dutch East Indies, including* 
tlie .1. dn'urrens, ror, normalis, dvalhata, molUssima and 
pauciglanduJosa; molHssima and pauciglandulosa are 
grou])ed together, and the tannin content varies from 
20A6—24.Xi%. 

Many analyses of Acacia barks cultivated abroad are 
also tabulated in the valuable bulletins of the Imperial 
Institute.' 

Dekker^ tabulates a number of analyses, chiefly based 
on Maiden, Blockey, and Zimmerman. 

A very complete investigation has been made by 
Williams^ of the bark of A. mollissima, grown in South 
Africa. This species has undoubtedly proved its worth 
under cultivation. 


N— December 2, IJ'Sl. 
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ChauveP® jjives tlie tannin content of bark samples from 
four and six-year old trees of A. mollissima, gfro\\n in 
Madaj^ascar, as 43.5 and 35.2'/, respectively, and of 
A. dcalbafa as 23.8%. 

Shinn” gives tannin values of A, decurrens, A. mollis- 
sima and A. pycnanfha, grown in California, as 42.5, 46.0 
and 41.8'/, respectively, and states ‘'that the superior 
value of A. decurrens mollis (i.e.. A, mollissima) is plain.’’ 

Additional references are to be found in our earlier 
work. 

Acacia decitrrens, Willdenow” (A. decurrens var. 
normalis, Bentliam). 

Black Wattle. 

This is evidently the species referred to by Bentham*^ 
as var. normalis, altliough he describes the leaflets as long 
and narrow, usually 3-4 lines (5-7 mm.), whereas usually 
they are at least 10 mm. in length. Maiden^ followed 
Bentham in regarding this species as var. normalis. It is 
very distinct from the other species, and the variety has 
heen dropped. 

Description : A medium-sized tree, reaching a lieight of 
40 feet and 15 ins. in diameter ; bark usually smooth. 

Leaves and branchlets tomentose when young, becoming 
almost glabrous or lightly sprinkled wdth hairs. Leaves 
very decurrent with prominent angles on the branchlets; 
up to 200 mm. in length. 

Pinnae, opposite; 5-12 pairs; up to 80 mm. in length. 

Glands prominent, usually one at the base of each pair 
of jiinnae, or, rarely, an additional one on rhachis below 
junction of pinnae. 

Pinnules widely spaced, often with an interval equal to 
four times the width of the pinnule between eacii ; alternate 
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■or opposite; narrow linear, inclined to become semi-terete; 
8-18 mm. in length, usually about ]0 mm.; J-1 mm. in 
width; occasionally leaves with flat ])imiules up to 1^ mm. 
in width may occur toprether with more linear leaves on 
the same branchlet. 

Flowerin" period about Aupriist. Pods ripen in about 
six months. 

Ranfje: Chiefly confined to moderately hip:h elevations, 
•e.p:., Barp:o, Thirlmere, Moss Vale and Marulan districts. 
Does not appear to occur on the coast or at hip^h elevations, 
^except under cultivation. 


Bark Thick- 
ness (mm.) 

Tannin Analyses. 

Moisture 11.5 ^ 

Tannin Non-Tannin 

Locality 

6-7 

45.4 

9.6 

Barp:o 

5 

45.2 

10.0 

Barpco 


44.5 

10 6 

Barp:o 

5-6 

42.:} 

10.6 

Barpro 

5 

41.9 

11.6 

Barp:o 

.S 

40.;} 

11.8 

Barpro 

8 

;}9.:) 

9.9 

Barpfo 

5 


i;i.5 

Barpco 

Maiden*^ ^ives the 

results of only two 

barks wliich, if 


analysed by modern methods, would probably "ive fiprures 
comparable with those now obtained. Cop^hilP privcs tw’o 
-analyses from Victorian prrown trees, and one from 
Gosford, N.8.W., the results beinf? in the vicinity of 40^,!) 
tannin; these barks are evidently from cultivated trees, 
since A. decurrcm does not occur in these localities. 

The results of our analyses show that A. decurrem 
ranks close to A. mollissima, and must be reprarded as 
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yielding’ a useful bark. Further work is necessary to 
determine whether the yield of bark may bo greater than 
that of A. mollissima under certain conditions. 


Aca( IA mollissima, WilldenoM^4 dc current var. mollisy 

LindJey*'^). 

1)la(’k or Green Wattle. 

Tins s|>eeies, which was first described by Willdenow in 
IHOll, was regarded as variety mollis of A. deenrrens 
by Bentham^\ and Maiden* supported this view since, in 
his opinion, the other varieties of A. deenrrens passed by 
gradation, one into another. Mueller*^ gave it specific 
rank. The economic importance of this species, together 
with the fact that it can be readily recognised in the field, 
or as h(»rbarium material, has resulted in Willdenow 
name being now almost universally adopted. 

A large eoll(M*tion of botanical and bark specimens has 
been made from New South Wales, and through the 
courtesy of the various Forestry Departments, material 
was also obtained from trees grown in Victoria. New 
Zealand and South Africa. A comparison has also been 
made with herbarium specimens from Tasmania, and there 
does not appear to be any doubt but that the mainland 
and Tasmanian material are specifically identical. 

Description: A medium-sized tree, up to 45 feet in 
1 1 eight, and 18 ins. in diameter. Bark usually smooth, 
dark brown in colour, occasionally in old or diseased trees 
showing ross. 

Leaves and branchlets densely tomentose when young, 
and golden yellow in colour, older leaves and branchlets 
becoming more glabrous, until they may be only covered 
with scattered hairs, the upper surfaces of the leaves 
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practically ??labrous. Braiichlets occasionally slipjhtly 
l?laiieous. 

Pinnae usually o])])Osit(‘, occasionally both op])osite and 
alternate in the same leaf; broad linear in outline; 6-20 
pairs, rarely less than 8; 20-60 mm. in lenj^^th, usually 
about 4.1 mm. 

Glands, 1-4 on the rliachis between each pair of i)innae, 
occasional ly< almost entirely solitary and rounded, but 
varying from 141 in the same leaf; wIkm'c crowded, they 
^re often elongated and confluent. Secondary glands vei*y 
rarely present on the bases of the pinnae. 

Pinnules crowded, occasionally overlapping, more* rarely 
spac(‘d so that the gap may exceed the width of the jun- 
nule; usually alternate; spathulate to linear-oblong ; usually 
<obtuse, rounded or truncate, sometimes shortly acute ; angle 
of attachment varying from 4.>‘’-.90®; usually 3-5 mm. in 
length; 0.5-0.75 mm. in width. 

Flowering period, October to December, usually 
November. Pods do not rii)en for about 12 months. ^7 Pods 
inclined to be rough, usually contracted between seeds. 

Range: In New South Wales, it reaches its maximum 
development on the South Coast, below Nowra, especially 
in the Eden district. It is also common on the southern 
highlands in the Bowral-Mittagong area. It is not common 
north of Sydney. A more glaucous form is found in the 
Blue Mountains and Sydney districts. It does not occur at 
high elevations, nor does it seem to occur west of the 
Dividing Range. It is common in Victoria and Tasmania, 
but it is doubtful whether it occurs in Queensland. In 
N.S.W. it generally prefers well-drained slopes and is not 
commonly found near water. 
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Tannin Analyses. 
Moisture 11.5% 


Bark Thick- 
ness (mm.) 

Tannin 

Non-Tannin 

Locality 

10 

58.5 

8.3 

Perieoe 

84 

51.9 

9.1 

Kaiisaroo Valley 

7-H 

49.8 

8.8 

Eden 

7-8 

49.6 

9.2 

Jjal Lai, Victoria 

() 

49.4 

11.1 

Falls Creek 

6-7 

48.9 

9.0 

IVricoe 

7 

48.4 

7.1 

Kaiijraroo Valley 

6 

48.4 

8.5 

Falls Creek 

5-6 

48.1 

9.2 

Perieoe 

6-7 

47.9 

9.1 

Perieoe 

5-6 

47.8 

7.5 

Perieoe 

6 

47.6 

*9.5 

Cedara, Natal 

— 

47.6 

8.9 

Palls Creek 

5-6 

46.5 

8.8 

Nil^iris, India 

7 

46.8 

11.8 

Falls Creek 

5-6 

46.2 

8.5 

Eden 

5 

46.0 

9.8 

Perieoe 

5-6 

45.8 

10.2 

Nowra 

8-4 

45.6 

9.5 

Lai Lai, Victoria 

4-5 

45.5 

9.6 

Nowra 

4-5 

45-8 

10.5 

Bowral-]\rittagonp^ 

7-8 

45.0 

8.9 

Rotorua, N.Z. 

6 

44.9 

8.1 

Perieoe 

5 

44.8 

8.9 

Fitzroy Falls-Bowral 

4-5 

44.0 

7.3 

Eden 

8-4 

43.9 

7.8 

NowTa 

8-4 

48.9 

10.5 

Nowra 

8-4 

43.9 

10.8 

Bowral -Mitt agong. 

5-6 

48.8 

9.9 

Perieoe 

5-6 

48.8 

8.0 

Cedara, Sth. Africa 

8-9 

43.6 

8.1 

Eden 
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Bark Thick- 
ness (mm.) 

Tannin 

Non-Tannin 

Locality 

3-4 

43.5 

9.9 

Delatite, Victoria. 

4-5 

43.5 

9.9 

Mt. Cole, Victoria 

4-5 

43.3 

9.2 

Nowra 

5. 

43.0 

11.5 

Delatite, Victoria 

5-6 

42.7 

10.6 

Pericoe 

5 

42.7 

8.3 

Ccdara, Sth. Africa 

— 

41.7 

7.4 

Moruya 

4-5 

40.2 

7.8 

Eden 

4-5 

40.2 

10.1 

Bateman’s Bay 

4-5 

39.0 

12.6 

Sth. Africa 

2-3 

38.8 

7.8 

Bateman’s Bay. 

5 

37.5 

11.5 

Kotorua, N.Z. 

6-7 

37.5 

6.8 

I^ericoe 

2-3 

35.4 

10.7 

Bateman’s Bay 

5-6 

34.6 

8.1 

Pericoe 

3-4 

32.9 

10.0 

Bateman’s Bay 

5 

28.1 

6.6 

Mt. Cole, Victoria 


j»iv(‘s fijjfures for ^1. mollissima analysed by the 
old Lowentlial Metliod. One analysis shows 6J).;i3S ex- 
tract, 36.4 /( tannin ; analysed by modern methods such a 
%nre for extract or total solubles would give at least 50% 
tannin. 

Coghill*^ gives tlie results of analyses from Queensland, 
N.S.W., Victoria and Tasmania. Only one analysis is 
given for a N.S.W. sample, and this shows 22.8% tannin 
from a Uosford tree. It is very doubtful whether A. moU 
lisaima occurs naturally in the Gosford district, and from 
this analysis, compared with our results, it appears doubt- 
ful whether the identification is correct. The Queensland 
sample from Imbil (CoghilH) 27.2%, unless cultivated, is 
also doubtful. Cultivation in South Africa, British East 
Africa, India, New Zealand and elsewhere, has shown prac- 



216 M. B. WELCH, F. A. COOMBS, AND W. McGLYNN. 

tically witliout exemption that this species ])rodii(*es a bark 
w’ith a tannin content, and this is confirmed by our 
analyses not ojdy of local barks, but also of samples from 
New Zealand, India and South Africa. 

Takiii" into consideration bark thickness, tlie followinj? 
results ar<‘ obtained: — 


Bark Thickness (mm.) 

Tannin 

No. of Samples 

2-3 

:J7.1 

2 

3-4 

43.7 

7 

4-5 

42.6 

8 

5-6 

42.7 

15 

5-6 

42.7 

5 

6-7 

46.4 

7 

7-8 

47.8 

5 

8-9 

43.6 

1 

9-10 

53.5 

1 


These show a gradual increase in tannin content corres- 
ponding to an increase in bark thickness, witli one ex- 
ee])tion, namely 8-9 mm., which represents, however, only 
one sample. There appears to be ample justification for 
the belief of the tanner that ^ ‘ heavy bark gives the best 
results. In an examination of the actual analyses, how- 
ever, it is interesting to note that the second higliest result, 
namely 51.9% tannin, was obtained from a comparatively 
thin bark, and as already mentioned, there is more in the 
problem than bark thickness alone when dealing with in- 
dividual trees. 

Of the samples analysed two gave over 50%, *18 over 
40%, 7 over 30% and one under 30% tannin. 

The remarkable tannin content of 53.5% obtained from 
a sample of A, mollissima places it well on a level with 
the highest figures obtainable from A, pycnantha. 
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Proctor^"^ gives analyses of three samples of A, inollissima 
supplied to him by Maiden, with tannin varyiivj* from 
3641%, and reeords 40-50% for A. pi/vnanlha. Proctor N 
figures for A. molUssima may be h^gitirnate tor bulk 
samides bul they should not be compared with ^^hat aj’o 
evidently analyses of picked samples of A. pffcDaiilha, 
since in our opinion the relative value of the two barks is 
by no means in this ratio. Bennett^y gives a figure of only 
36% tannin for A. molHsfiima. 

It is desirable that attention should be drawn to the* 
fact that butt samples of A. mollissima bark can also be 
found to give tannin results of 50^/ or more and it is 
apparent that justice has not been done to this wattle. 

The apparent inferiority of the bark has been no doubt 
largely due to the close resemblance, in the eyes of th(3 
layman, of the tree to others which possess barks of 
definitely lower tannin content, and this is probably the 
reason why “South (/oast” bark is regarded by tanners as 
being inferior to “Adelaide’^ bark {A. pycnaviha) . Pro- 
vided A, mollissima is kept distinct there seems to be little 
reason why this inferiority should exist. 

Acacia irrorata, Sieber^^ (A. paiicigLandidoi^u, F.v.M.) 

Green Wattle or Befe Skin. 

4. irrorata was jdaced by Bentham^-^ under 4. deal bat a, 
the locality given being Port Jackson and the Blue Moun- 
tains. Acacia dcalhata does not occur in the Port Jackson 
district, whilst 4. panciglandulosa, is one of the commonest 
feather leaved wattles both here and on the I>lue Moun- 
tains. Cheep* has suggested that 4. irrorata is identic4il 
with 4. pauciglandiilosa, and is of the opinion that 4. 
irrorata should replace 4. pauciglandtdosa, due to the 
priority of Sieber^s description. Without evidence to the 
contrary, CheePs suggestion has been adopted. 
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Descnpfion: A iiK^dium sized tree u]) to (iO feet in 
lieij;lit and 18 ins. in diamter, bark commonly brownish 
^^reen, bri^ljt areen on yonnfr trees and branch(»s. 

Yonn;» leaves and branchlets often very woolly tomentose; 
shoot •> u()ld(*n yellow; hairs usually tubercular, the small 
tubercles (‘aiising the rhachis of the leaves and deeurrent 
angles on the branchlets to become scabrous, a feature 
which r(‘adily separates this species from the others; older 
leav(‘.s spriidvled with hairs; length ()()-160 mm., not usually 
exceeding 100 mm. 

Pinmn' usuall,y opposite, inclined to be lanceolate in 
outline, usually 6-12 pairs; 25-60 mm. in length. 

(Tlands, few in number or occasionally wanting, often 
only a sJtigle gland at the base of the ui)per pair of pinnae, 
occasionally a single gland at the base of each of four 
upper ])airs of pinnae, sometimes one gland at base of 
lowest pair of pinnae; very rarely two glands in contact. 

Pinnules, usually very crowded and overlapping — rarely 
slightly si)aced; opposite or alternate; linear to narrow 
lanceolate, shortly acute or acuminate, not rounded; angle 
of attachment 30°-60"' ; not exceeding 6 mm. in length, 
usually 3-5 mm.; about 0.5 mm. in width. 

Plow(*ring period about December. Pods take 12 months 
to ripen ; often somewhat constricted between seeds. 

NatKji : A. irrorata jnefers moist situations, and is the 
common form found near creeks and watercourses in the 
Sydney district. It extends south along the coast to 
beyond Narooma, but does not occur in the Eden district, 
nor does it occur in Victoria. North of Sydney it is very 
prevalent, practically replacing A, mollissima; it extends 
into Queensland. 
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Tannin Analyses. 
Moisture 13.5S< . 


Bark Thick- 
ness (mm.) 

Tannin 

Non-Tannin 

Locality 

; j - r ) 

85.1 

9.4 

Passelieiiclaele, Q. 

2-3 

84.6 

8.7 

Nowra 

3 

88.4 

8.6 

Xowra 

4 

88.1 

8.6 

X'owra 

2-4 

88.0 

10.5 

i5ull(laber^^ Q. 

3-4 

82.4 

9.0 

Xowra 

2-3 

81 .!» 

9.2 

I’erriyal 

2-3 

81.6 

8.6 

Xowra 

3-4 

80.2 

8.7 

Terri<>al 

3 

80.2 

10.0 

T(‘rri-al 

2 

80.1 

12.6 

Terri gal 

2-3 

29.7 

8.9 

Terrigal 

4-5 

29.5 

11. 1 

Xatioiial Park 

3 

28.8 

10.3 

Xatioiial Park 

1-2 

28.7 

11.5 

(^oekle (b’(»ek — Cowan 

4-5 

28.4 


National Park 

1-2 

28.2 

11.1 

Xowra 

3-4 

28.2 

8.7 

Xowra 

2 

27.6 

10.6 

Terrigal 

3-4 

26.6 

9.4 

T(»rrigal 

4-5 

26.4 

8.6 

National Park 

3 

25.8 

7.6 

National Park 

2-3 

25.5 

10.1 

Terrigal 

4 

25.8 

5.2 

National Park 

5-6 

25.8 

6.2 

National Park 

— 

24.9 

12.3 

Nowra 

—• 

24.4 

7.2 

Gosford 

— 

22.6 

8.1 

Nowra 

3-4 

22.4 

7.9 

National Park 

2 

20.7 

12.1 

National Park 

o 

w 

20.6 

10.5 

Nowra 

— 

19.9 

9.8 

Bateman's Bay. 
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Maiden^ j?ivos tlie results of three analyst's, two of which 
show extract figures of 52 to , correspoiulinir to a 
tannin rather liij^her than those "iven by our analyses. 
Coj^hill’^ f^’ives some seven analyses of barks from Queens- 
land and N(*w Soutli Wales, with rt'sults varying from 
36.1 to 23.4 /f tannin. The results of our analyses, with 
.a maximum of 35.1 and a minimum of 19. tannin, 
pi’ovt* conclusively that this is an hiferior bark, especially 
wh(*n it is taken into consideration that these results are 
from butt samples, many bein^ from larj»*e, w('Il-tirown 
trees, in order to obtain as hipfh a tannin content as pos- 
sible. The bark, oyon from larj^e trees, is usually thin. 

A(^A('1A arundelliana, Bailey’^ (A. dccurrvns var. Leicli- 
hardiii, Bentham**^) 

Silver Wattle. 

This Acacia w’as raksed to specific rank by Bailey. 
Mueller and Maiden^^ wwe also of tin' opinion that this 
was a distinct species and called it A. O^Shanfsii, but 
gave no description. Apparently, Maiden^ later allowed 
the name O^Shanesii to droj), since the variety Lcidihardfii 
is restored and the statement is made that it is impossible 
to separate it from var. pauciglandulosa, since it may be 
looked upon as var. pauciglandiflosa with lonjr hairs, or 
var. paucigland ulosa is var. Leichhordtii with short hairs. 
Similar statements are made in the Forest Flora \ 

Apart from the fact that this tree yields a much superior 
bark to A, irrorata (pauciglandiilosu) , it appears to be 
quite distinct from that species and can readily be recog- 
nised in the field. 

Description: A medium sized tree reaching a height 
of 45 feet and 18 ins. in diameter. According to Maiden*, 
trees have been noted up to 36 ins. in diameter. Bark 
smooth, brownish in colour. 
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Lenves and bra nelilets very ])ubeseeiit, iniieh more so than' 
A. irrorafa) youiif? shoots very golden yellow; branehlets 
not seabroiis; t*oliap:e very dark f?reen and not frlossy. The 
tree ean bo readily separated from A. nioUissima or A, 
irrorata in the field by this character. Older leaves almost 
p:la broils and decidedly paler on tlu^ under surface (the 
only member of the prronp here deserib(*d whicli shows 
this feature) : up to 120 mni. in lenj^th. The foliaire is 
more delicate and jrraeefnl than that of the other members 
of the '' d ( currenfi ^tou]). 

Pinna<‘ usually ojiposite; 7-20 pairs; 2r)-4r) mm. in lenjrth, 
usually mm. 

(Hands interm(‘diate in number b(‘tw(*en .1. irroraia and 
A, mollissima, e.^., they may extend for half the length of 
th(' rhachis, or mort* ran‘ly may be fjuite wanting, some- 
times one at top, on(‘ at middle and one at bottom of leaf ; 
practically always solitary to each i)air of ])innae. 

Pinnules rarely crowded, usually s])ac(‘d with intervals 
ui) to twice width of pinnule; opposite or alternate; liiu'ar 
oblonjr to narrow ovate; obtuse or shortly acute; anj^le of 
attachment 45°-00" ; 3-5 mm. in length (Q), often not 
exceeding 2 mm. (N.S.W.) ; ().6-1.0 mm. in width. 

Flowering period about Auf^ust. Pods take about 6 
months to ripen; thin, often glaucous. 

llan<je : New South Wales, chiefly confined to a coastal 
area of about 400 sq. miles in the Clj^’Oe River district ; not 
occurring much south of Mogo or north of Cockwhy Creek ; 
it iirefers the beds of watercourses. It is remarkable how 
tliis species is very common in this area yet does not seem 
to occur elsewhere in New South Wales. The local exjdana- 
tion is that these trees have grown from seeds brought from 
Tasmania ! by Ludwig Thomsen about 60 years ago. It 
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occurs also iu Soutlicrn QucciisJand. Bark samples ana- 
Jysecl were cliiefly from southern New South Wales. 


Tannin Analyses. 
Moisture 11.5%. 


Bark Thick- 
ness (ram.) 

Tannin 

Non-Tannin 

Locality 

7 

43.5 

7.2 

Bateman’s Bay 

.5-6 

40.0 

7.0 

Bateman’s Bay 

6 

38.8 

6.1 

Bateman’s Bay 

7 

38.8 

5.3 

Bateman’s Bay 

4-5 

35.6 

6.3 

Bateman’s Bay 

2-3 

32.6 

8.8 

Bateman’s Ba\^ 

1-2 

27.1 

13.0 

Kilkivan (Q.) 


This bark is the so-called ‘‘Silver Wattle” of the South 
<"Joast. 

Maiden^ f?ives the results of four analyses from the 
South Coast. The hipfhest tannin value beinj? 25.25%. 
Brunnich and Jelfries^^ jyive an analysis of a Queensland 
sample with a tannin content of 17.46^,^. From our 
analyses it is evident that this species yields a very us(»ful 
bark, and is well worthy of further investijration, although 
nothinpf is known of its sylvicultural possibilities. 

A(^A(UA dealbata, Link2^ 

Silver Watti.e. 

This species was separated from A. decnrrena by 
Bentham*^ Mueller, accordinjj: to Bentham, re^rarded tliis 
as a variety, but later*^ adopted the same view as 
Bentham. Maiden* placed it as a variety of A, (fecurrens, 
stating that it “is an extreme form of var. mollis.’' 

Our experience has been that the bark is so inferior, 
that no good purpose could be served by linking it with 
A. mollissima; moreover, the morphological characters 
seem sufficiently distinct for Link’s name to be adopted. 
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Description: Usually only a small troo in New South 
Wales, rarely exceedinj? 80 feet in Ii 6 uj 2 :)it and 12 ins. in 
diameter, but recorded as reaeliiiif? a larpje size, up to 11 
feet gfirtli and over 100 feet in heijiht, in Tasmania. Bark 
in New South Wales tnK*s often heavily rossed. 

Leaves and branch h^ts covered with a short pubesccnuM* 
especially wJien younj*:, becoming? more jj^labrons with ap:e. 
Younf]^ shoots often yellow, but colour usually less pro- 
nounced than in other s])ecies. The leaves and branchlets 
are normally pale "reeu in colour, and ap])ear lijjrhter due 
to the white hairs; in addition, the jmesence of a white 
waxy bloom prives the tree a silvery appearance*. Whilst 
the "la u coil sn ess of the branchlets and leaves is variable, 
thus one ])art may be (piite white and anoth(*r pale "reen 
and free from bloom, the p:eneral whitish appearance is 
very distinct from that of the other species. Leaves np to 
160 mm. in lenprth but usually much shorter. 

Pinnae almost always opposite, 8-80 j)airs, usually 10-20; 
15-85 mm. in leiifrth. 

Glands single at junction of pairs of pinnae. 

Pinnules usually crowded, more rarely slijrlitly spaced ; 
opposite or alternate; broad linear; obtuse; an"le of attach- 
ment usually about 60° ; usually 2-5 mm. lonp: and 0.6-0.75 
mm. wide, rarely occasional leaflets may be 9 mm. lonp: 
and up to 1 mm. wide. 

Flowering? period A\ip:ust and Sejitember. Pods take 
about six months to ri])en. 

Range: Althouprh recorded by Bentham for Port 
Jackson, this does not appear to be correct, bein" confined 
to comparatively high elevations in New South Wales. It 
does not occur along the coastal strip. It occurs commonly 
in Victoria and Tasmania, and is recorded for Southern 
Queensland. 
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Tannin Analyses. 
Moisture 11 . 59 ?. 


Baik Thick- 


ness (mill.) 

Tannin 

Non-Tannin 

Locality 

4.5 

36.6 

7.0 

Mt. (’ole, Vic. 

3-4 

35.!) 

6.2 

Delatite, Vic. 

2 

34.0 

9.1 

South Africa 

4-5 

32.3 

8.4 

Lai Lai, Vic. 

4-,i 

31.5 

6.1 

Murrain Iclrie 

3-4 

30.7 

8.1 

South Africa 

4 

30.6 

7.6 

Mt. Co]i\ Vie. 

3 

30.0 

9.9 

South Africa 

2-3 

29.9 

13.3 

South Africa 

2-3 

29.7 

8 5 

IlotoruM, N.Z. 

2-3 

28.4 

9.7 

liydal 

4-5 

2H.0 

6.4 

Delatite, Vie. 

2-3 

27.4 

13.8 

South Africa 

2-3 

26.1 

9.8 

Nundle 

3-4 

26.0 

5.4 

Murraguldrie 

2-3 

25.4 

9.3 

Rydal 

5 

24.9 

7.2 

Rydal 

5 

24.6 

6.3 

India 

7-8 

23.7 

7.8 

Rotorua, N.Z. 

2.3 

23.1 

13.9 

Lai Lai, Vic. 

3-4 

23.1 

6.6 

Burwood (cult.) 

3-4 

21.9 

10.6 

Nundle 

5-6 

21.0 

8.9 

Nundle 

3.4 

20.8 

11.6 

Nundle 

1-2 

20.5 

8.1 

Nundle 

5-6 

20.5 

5.6 

Rydal 

3 

20.3 

9.2 

Nundle 

5-6 

17,4 

7.6' 

Nundle 

2-3 

16.1 

8.9 

Murrajiruldrie 
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A sample from Rotorua, New Zealand, with 47,6% tan- 
nin has been discarded since other trees from the same 
locality ^?ave only 29.7^/? and 28.7% tannin. The botanical 
material supplied with the bark i.s undoubtedly A. dealhafa. 
Cop^hilR records 22 analyses from Victoria and Tasmania^ 
the highest beinj? 82.3^^ and the lowest 18.99^ tannin. 
Maiden’s^ results are also consistently low. All the evi- 
dence to date confirms the view that A. dvalhata yields an 
inferior bark, and this is shown clearly by the results 
^ivcn above for cultivated samples from New Zealand, 
South Africa and India, as w’ell as for naturally gcrown 
material from N.S.W. and Victoria. Althoujrh the flowering 
periods arc different, it is not advisable to cultivate this 
wattle with ,1. molUssima. 

A(*a( lA FiLKUFOiJA (Cheel and Welch^^^). 

Fern-leaved Wattle. 

Ai)j)arently tliis species was reprarded as one of the con- 
necting? links between several members of the decnrrena 
jrroup, and was i)robably responsible for some of the con- 
fusion. It is (|uite distinct over the whole of the ran^re. 

Description : A medium sized tree reaching? a height of 
40 feet and a diameter of 18 inches. Bark smooth, brown- 
ish in colour. Leaves and branchlets tomentose, becoming 
more glabrous with age; branchlets often glaucous; leaves 
up to 170 mm. long. 

Pinnae usually opposite; 5-12 pairs; up to 75 mm. in 
length. 

Glands numerous, 2-5 to each pair of pinnae; separate 
or occasionally confluent ; secondary glands often present, 
either on base of pinnae or as many as 5 distributed along 
its axis. 


O— December 8. 1931. 
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Pinnules normally crowded; occasionally some leaves 
may show spacing: of greater width than pinnules; op])osite 
or alternate ; narrow linear, often spathulate, shortly acute ; 
angle of attachment from 30°-60‘' ; usually 5-7 mm. long; 
usually 0.5-0.75 mm. wide, occasional leaflets up to 9 mm. 
long and 1.5 mm. wide. 

Flowering period August to September, more rarely 
October. Pods probably take six months to ript*n ; broad. 

Range: It extends along the slopes of the Dividing 
Eange from Rydal to the Queensland Border. It ap])ears 
to be rare on the coast except between Nowra and Clyde 
River, and is very common in damp situations about 
Yerriyong. 


Thick. 

(mm.) 

Tannin Analyses. 

Moisture 11.5%. 

Tannin Non-Tannin 

Locality 

— 

31.4 

8.8 

Non ra 

3 

31,4 

10.5 

Nowra 

1-2 

30.5 

7.4 

Nov/ra 

3 

30.1 

5.7 

Nowra 

1-2 

29.8 

9.0 

Now ra 

— 

29.2 

7.2 

Nowra 

2 

29.1 

9.3 

Nowra 

2 

28.6 

7.5 

Nowi-a 

3-4 

28.5 

6.1 

Nowra 

3 

25.6 

• 8.5 

Nowra 

2 

24.8 

8.9 

NowTa 


From the results of these analyses this can only be re- 
garded as an inferior bark, but further samples are de- 
sirable from some of the northern areas in which this 
species occurs. It is important that this species should 
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be recognised as inferior and not confused witli Acacia 
decurrens or A, mollissima. 

The following key to tlie identification of the species is 
based on leaf characters. 

(a) Glands never extending full length of rliachis: 

(b) Pinnules narrow, acute, crowded, glands not 
usually (‘xceeding ‘1 in number, rliachis and 
young st(uns scabrous = A. irrorata. 

(bj) Pinnules broad obtuse, usually not crowded, 
glands often extending half length of rhacliis; 
not scabrous === A. Arundilliana. 

(ai) Glands always extending full length of rliachis. 

(c) Pinnules rankly or never i‘xceeding 5 mm. in 
length. 

(d) Leaves and stems usually glaucous — A. 
(I( (fibata. 

(d,) L(‘aves and stems rarely glaucous = A, 
niaUissima. 

(Ci) l^innules rarely under 5 mm. in length. 

(e) Pinnules 8-18 mm. in hmgth widely spaced 
== .1. decurrens. 

(Ci) Pinnules 5-9 min. long, usually crowded, 
nev(»r widely spaced == A. filici folia. 

In addition to these, there are several other allied speci(*s, 
‘C.g., A. Jonesii, Mueller and Maiden^s and A. pubescens^^ 
R.Br., are both shrubs. A. MueMeriena^^ Maiden & Baker, 
is a shrub or small tree from the interior with sjiarse 
widely spaced pinnules. A. Deanei^^ (A. decurrens var. 
Dcanei) Baker, is an interior shrub with a superficial re- 
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semblance to A. mollissima, but with few pairs of pinnae 
and coarser pinnules. A. decvrrcns var. lanigera Maiden^ 
is an interior shrub or small tree with a densely hairy 
indumentum on leaves, stems and pods. 

None of these is likely to be confused in the field with 
tlio^'c species which have been described in this investipra^ 
tion. 


Summary. 

An investipration has been made of the tannin contents 
of the barks of the principle Acacias belom^n^ to the so- 
called “decurrens’’ ffroup, and botanical material has 
also been critically examined. Six species which can be 
recognised as distinct are described, and details are given 
of their leaf and general characters, together with the 
results of a number of bark analyses, which are summarised! 
in the following table : — (see next page,) 

In reviewing the results of the analyses dealt with in 
this paper, it is apparent that the species can be divided 
into two main groups as far as the value of their barks 
is concerned. Thus A. moUissima, A. dectirrens and A. 
Arundelliana can be placed in this order of merit in the 
superior group, and A, filicifolia, A, irrorata (pancigJand- 
vlosa) and A, dealhafa in the inferior group. 

On the whole those species with thin barks give low 
tannin contents, but even with barks of similar thickness 
the inferior species possess lower tannin content than those 
belonging to the superior group. 

Acacia moUissima is the outstanding species with regard 
to tannin content, although A. decurrevs and A. ArvndeU 
liana also yield useful barks, and may prove of value under 
conditions which arc unfavourable to A, moUissima. 



THE Following table summarises the results 
OF the analytical work. 



(Figures in brackets represent number of samples analysed.) 
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AN UNDEkSCIMBED SPECIES OP WATTLE. 
ACACIA FILICIFOLIA. 

By E. CiiEEL and M. B. Welch, b.Sc., a.i.c. 
(With Plates VII and VIII) 


(Read hcfoic the Royal Society of New South Wales, Dec. 2 1931 ) 


Frutex aut arbor 3-5 m., nonnunquam 12 m. altus. foliis pin- 
natis 5-10 jugis pinnarum cum 2-3 glandulis (nonnunquam 4-5) 
inter jugos pinnarum, glandula purva ad basin pinnarum inter 
jugos inferiores foliola.um, foliolis 35-45, 5-9 mm. longis, primo 
pubescentibus deinde giabrescentibus, lloribus in racemis, legu- 
mine 8 cm. longo, 1.5 cm. lato, glauco. 

Tree usually 9 to 15 feet tall, but occasionally up to 
40 feet. Branches more or less slightly angular, but not 
winged, the young twigs as well as the rhachis rather 
densely tomentose, but with age becoming glabrous and 
quite glaucous. 

Leaves pinnate with 5 to 10 pairs of pinna?, the rhachis 
raised to a well-defined ridge with 2 to 3 glands between 
eacli pair of pinnae or occasionally 4 or 5 glands sometimes 
becoming confluent as in A. mollissima. In addition to 
the glands between the pinnae there is usually a smaller 
gland at tlie base of each pinnae between the lower pair of 
leaflets. Leaflets numerous (usually 35-45), rather in- 
clined to be more spreading and fern-like than the other 
forms of the A. decurrens group; at first pubescent, but 
glabrous with age; usually 5-7 mm. long, but occasionally 
up to 9 mm. long. Flowers in racemes, the individual 
flowers varying from 25 to 30 in each head, mostly 5-merous 
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Oalyx, shortly lobed, ciliate; petals, almost glabrous, spar- 
ingly ciliate; pods 8 cm. long x 1.5 cm. broad, glaucous; 
seeds reniform, 5 x 2-3 mm.; fuiiicle short, slender at the 
base, with a thickened aril. 

This species has been previously mistaken as a form of 
A,' decurrens, and also confused with A. molUssima and 
A. dealhaia. It is quite distinct from A. d€curr(ns, which 
has very prominently angled branches, and branchlets 
more or less winged and mostly quite glabrous. It also 
differs from A. niollissima, which has smaller leaflets and 
a much narrower ])od, and the flowering season is during 
November and December, whereas A. filirifolia flowers 
during August to October. Its nearest affinity is with 
A. dcalhata, but the piume of A, filicijolia are not so 
silvery and less numerous, and the leaflets are longer and 
more glabrous with age than those of A. dealbatiL 

Distribution , — Oouiburn Jiiver (K. T. Baker. 1892); 
Kelgoola (11. T. Baker, 1895) ; Mt. Baker, Oorrieudgy 
Range (R. T. Baker, 1897) ; Nullo Mtn., Rylstoiie (R. T. 
Baker, 1898); Armidale (C. F. Laseron, 1907;; Acacia 
Creek (W. Dunn, Aug., 1909); Olcii Innes (W. JStewart, 
Aug., 1910, and J. L. Boorman, March, 1917) ; Torriiigton 
(J. L. Boorman, October, 1911, in flower; January, 1911 
and 1916, pods) ; Howes Mtn., fSingleton ( J. L. Boorman, 
Aug., 1913) ; Pheasants Creek, Glen Elgin (J. L. Boorman, 
Dec., 1913) ; Capertee (J. L. Boorman, Sept., 1915) ; Yerri- 
yong (Coombs and Welch, 1923) ; Nowra (Coombs and 
Welch, 1923) ; Rydal (C. F. Laseron, 1924) ; Shallow 
Crossing, Clyde River (A. McKay, 1928) ; Guyra (E. N. 
McKie, 1928) ; Tenterfield (Whereat, no date). 

In its southern distribution it is found chiefly on alluvial 
flats in moist positions. 
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Economics . — Aiialyhes of the bark for tannin have 
proved disappointing with resi^ct to bark collected from 
the South Coast district, and it can only be regarded aa 
distinctiAtdy inferior to Acacia moUissima. The barks so 
far examined yield from 25-32‘/ tannin.* 


liKFKItlCNCK. 

iVVelcli, Coombs and McGIynn. Notes on Wattle Barks — 
Part III Jout. Roy. Soc., N.S.W., 66:226 1931. 

Explanation of Plates. 

Plate VII . — Acacia filicifolin, Cheel & Welch — Flowering branch. 

Plate VIII . — Acacia filicifolw, Cheel & Welch — Fruiting branch 
(Pods). 




icactee fil%cifoli% Cheel and Welch. (Flowering biancli ) 




Journal Royal Society of N.S Vol LXV ^ 19 ol. Plate VIJJ 



Acacia fikc%/olia, Gheel and Welch. (Fi lilting biancli ) 
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NOTES ON THE SHRINKAGE OF WOOD. 

By M. B. Welch, b.Sc., a.i.c. 

Economic BotanUt, Technological Museum. 


(Read before the Royal Society of N'etv South Wales Dec. 2, 1931.)' 


Very little data is available on the amount of lateral 
slirinkap‘ which occurs durinjr the seasoning of many 
Australian woods, i.e., during the drying from a ^reen to 
an air-dry condition.* It has lonj^ been recojxnised that 
shrinka^re vari(‘s considerably in different woods, evidently 
due to some inluTent character within the wood. For 
many industrial purposes it is essential that a wood should 
be us<‘d which shows a minimum shrinkaj^e; in fact exces- 
sive slirinkajxe is to be avoided in greneral. Furthermore, 
in cuttiinr irreen timber, an allowance has to be made in 
order that the seasoned w^ood should not be under size, 
and «ome idea of the amount of shriiikapre is therefore 
necessary. 

A theoretical explanation of shrinkage is that the 
micellae or molecular aprjyre^ates forminj? the cell wall are, 
in jrreen wood, held apart by water films. During? the 
process of drying, these films contract, allowinp: the 


* Chapman gives the results of some observations made on 
seven Eiicalypts and three Pines during his investigation of 
their mechanical properties. 

Chapman, R. W., '‘The Strength of South Australian Timbers,” 
Bull. 9, Dept, of Forestry, South Australia. 1922. 
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micellae to aiii)roach each other more closely with the 
•cOTiseqneiit shrinkaj2:e of the wood. 

In j^eneral tJie shrinkafjfe parallel to the f?rain is 
-extremely small, and for most ]mrposes can be nej^lected. 
Shrinkap^e in a tanp:ential direction is usually rep*arded as 
ai)])roximately twice that of radial shrinkapre; the smaller 
radial shrinkapje being' possibly due 1o the stiffening action 
of the ray cells which have their long axis at riglit angles 
to the normal wood tissue. 

Any figures for shrinkage must be used, however, with 
caution, since this pro])erty can be influenced by a number 
of factors. Even mean figures based on many samples 
only indicate general behaviour, and not necessarily that 
of an individual sample. The results given herewith are 
not based on a large number of samples, and may, or may 
not, indicate the average behaviour of the species. They 
have been obtained from a number of commercial samj)les 
^nd re])resent the actual shrinkages measured on these 
woods. 

Shrinkage is influenced in the same wood by variation 
of density; thus the following average relationship has 
been suggest edt : — Specific gravity X 17 == tangential 
shrinkage, green to oven dry, and specific gravity X ^1-5 
— radial shrinkage, green to oven dry, i.e., the heavier the 
wood the greater the shrinkage, although there are many 
exceptions to this rule. 

{Shrinkage is also influenced by the rate of drying ; wood 
rapidly dried usually shrinks less than when allowed to 
dry slowly, owing to the wood, during rapid drying, being 

t Relation of Shrinkage and Strength Properties of Wood to 
the Specific Gravity. U.S.D.A. Bull. 676, 1919. 
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more liable to set in an expanded condition. Agrain, the* 
ratio of tang^ential to radial shrinkaj?e usually decreases 
with an increase in density, but this again is not always 
constant. 

Wher(‘as shrinkage implies the normal contraction of the 
wood due to moisture losses, there is a further complication, 
in that abnormal shrinkage may be caused by the 
phenomenon known as ‘^collapse” in which, due to very 
large tensile stresses caused by water leaving the cell 
cavity, the cell walls are drawn together or collapsed. 
Certain Eiicalypts,’*^ especially those of low density, are 
very liable to this defect, the wood in extreme cases be- 
coming extensively corrugated. Where slight collapse 
occurs, it is practically impossible to separate it from, 
ordinary shrinkage. 

Th(' figures given below’ w^ere obtained by cutting small 
sections 1 inch long in the direction of the grain 4 inches 
wide and 1 inch thick, from wood which was obtained as 
soon as ])ossible after sawing from the log, being wrapped 
in damj) i)ap<*r to minimise moisture losses. These sections 
w’cre w(dgh(‘d and measured, and the volume determined; 
they w^ere stored inside and measured weekly to the nearest 
.001" for periods varying from three to twelve months, the 
average width being taken as the mean of the maximum 


* Elliott mentions that “the additional size allowance which 
many millers find it necessary to make in sawing timber which 
is prone to collapse, commonly amounts to more than 209r over 
and above the allowance necessary to cover ordinary shrinkage 
and machining.” 

Elliott, C. S., “Collapse of Timber.** Reprint from Journal,. 
e.S.I.R., November, 1930. 
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and minimiam widths after the samples had reached an 
“equilibrium moisture condition. A similar sized sample, 
cut from the same board as the s})ecimen whicli was air 
'dried, Avas also weij»:hed and measured etc., and dried at 
102"^ C. for some days to constant weij^ht and again 
weighed and measured. From these results llie density at 
air dry volume and weight; density, green volume and 
oven dry weight; V( shrinkage green to air dry; % shrink- 
age* gi*een to ov(‘n dry, and volumetric shrinkage, gr(‘en to 
oven dry, has been calculated. The moisture coiit(‘nt was 
determined on sections cut adjacent to the saniphss which 
were used for shrinkage* tests. 

In column 1, the weight i)cr cubic foot is based on air- 
dry volume and w’eight, and is useful jmactically, since it 
is in this condition that wood is, or should b(‘, iis(*d for 
most puri)oses. In column 2 the density is based on green 
volume and oven dry weight, and although siudi a com- 
bination is, of course, impossible i)i practice, the results 
are useful for comi)arative purpos(‘s, being based on less 
variable factors. Actually, slight variations in the moisture 
content of air dry wood do not appreciably affect the 
density, since the gain in w^eight due to the absorption of 
moisture is offset by the increase in size due to swelling. 
The green volume and oven dry weight (Wd^ Vg) density 
figures have one other advantage, in enabling a delermina- 
tion of the weight per cubic foot of the green wood to be 
made, a figure which is often required in d(*termining the 
weight of logs, green sawn timber, etc. Thus, if the 
Wd/Vg weight per cubic foot is x lbs., and the moisture 
content y %, then the density of the green timber is 
(100 + y)x 


100 


lbs. per cubic foot. 
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The percentage shrinkage from a green to an air dry 
condition, based on tlie green size, is given in column 
Column 4 gives the shrinkage from a green to an oven dry 
condition, and was obtained from samples wliicli were not 
allowed to air season before being placed in the oven. As 
a result the figures are in many cases lower than would 
liave been obtained if the wood had been previously allow(Ml 
to season sloA\ly, and accounts for certain anomalies where 
the oven dry shrinkage apiiroximates to, or is less than, 
t}]e air dry figure. \^)luinetric shrinkage given in r'olumn 5 
was obtain(‘d b^^ actual measurement of the shrinkage of 
small specimmis from a green to oven dry condition, al- 
though it is possible to calculate this figure if the tangential 
and radial shrinkages are known. Tt serves as a basis for 
the comparison of the relative shrinkages of the %‘irious 
woods. Moisture percentages given in column fi we)*e 
obtained from sections cut as soon as possible alter the 
arrival of the test pie<*es. Although thos(» forv'arding tl](‘ 
specimens used were asked to obtain the wood uln*n freshly 
cut from the green log and to wra]) it in ]Uiper to 
reduce moisture losses it is evident from some of the figures 
that the wood had commenced to dry. Since, in general, 
shrinkage (not collapse) is not pronounced till tin' fibre 
saturation point in the vicinity of 30^/ moisture is reached, 
the actual effect of some moisture loss on shrinkagt' would 
not be very important, but where the moisture figures given 
are below this amount, i.e., 30V^, the shrinkage figures are 
likely to be below^ normal. The moisture figures are of 
value in enabling the weight per cubic foot, wet volume 
and weight, to be calculated, and also in most cases giving 
some idea of the amount of water present in freshly sawn 
green timber. The last column indicates the direction in 
which the test pieces were sawn. 
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Direction of cut, Q. = Quarter or radially cut. i.e., parallel to rays. 
B. = Backed off or tangentially cut, i.e., at right angles to rays. 

O. = Oblique, i.e., at approximately 45° to rays. 

A tolerance of 15° was permitted. 
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Tliu figures giyen in the table are self explanatory and 
little comment is necessary. 

Certain timbers stand out as possessing a small amount 
of radial shrinkage, thus Beech 1.1-1. 2, Blackwood 1.4-1. 9, 
Bosewood 1. 5-2.7, 8ilky Oak (Cardwellia) 1.8, Brown 
Beech (Cryi)tocarya) 2.0-2.2, Beefwood 2.1-2.5 are the best 
examples of this. Although the shrinkage of Beech is 
usually regarded as negligible, this is probably due to the 
abnormally slow loss of moisture from this wood, since the 
tangential shrinkage varied from 3.8 to 6.0%, i.e., about 
five times the radial shrinkage. Another unusual feature 
of this wood is the high radial shrinkage from green to 
oven dry, namely, 4.5^/ ; in most woods the ratio of oven 
dry to air dry shrinkage is well below 2. 

In some woods the ratio of tangential and radial shrink- 
age is low, e.g., in Cypress Pine the mean figures are 3.5 
to 2.7 resi)ectively. Rosewood also possesses a low tan- 
gential shrinkage which no doubt accounts for the fact 
that this wood can be used for turnery in a practically 
unseasoned condition. 

Woods which possess a marked difference between the 
radial and tangential shrinkage are most liable to w^arp 
and cup, especially when cut obliquely or backed off, and 
this is seen in the case of Sassafras, w^here the radial 
shrinkage is 2.7% and the tangential shrinkage 7.7% . 

High figures for tangential shrinkages of about 12% 
w^('re found in Turpentine and in several Bucalypts; such 
figures were in most cases due to collapse. 

There is not sufficient data to enable any comparisons 
to be made between density and shrinkage. 

In conclusion, acknowledgment is due to the Forestry 
Commission, Sydney, and many others, for the timber 
samples used, and especially to Mr. P. B. Shambler, of 
the Technological Museum Staff, for his very able assist- 
ance during the progress of the work. 
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MAY 6tu. 19:{1. 

The Annual Meeting, being the five hundredth General 
Monthly Meeting of the Soeiety, was held in the Hall of 
Science House, Gloucester and Essex Streets, Sydney, at 
8 p.m. 

Professor 0. P. Von wilier. President, in the Chair. 

Seventy members and thirty visitors were present. 

The reading of the General Monthly Minutes of 3rd 
December, was deferred to the next meeting. 

The President reported that this was the first meeting in 
Science ilou<-e, and that the Official Opening would take 
place on the following afternoon, when His Excellency Air 
Vice-Marshal Sir Philip Woolcott Game, G.B.E., K.C.B., 
D.S.O., Avould formally open the building. This would be 
followed by an exhibition held on all floors of the building, 
V, liieh would include exhibits illustrating science, engineer- 
ing, arehiteeture, surveying, astronomy, etc. This exhibition 
would remain open until the following Saturday mid-day. 

The certificates of the following candidates were read 
for the first time: Warnford Moppett, biologist. Cancer 
Kesearch Department, University of Sydney, and Jack 
Maxwell llayner, physicist to the Department of Mines, 
New South Wales. 
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Tlie Annual Financial Statement for the year ending 
31st March, 1931, was submitted to membei’s, and on the 
motion of Professor H. G. Chapman, seconded by Mr. 
C. A. Sussmileh, was unanimously adopted. 

ROYAL SOCIETY OF NEW SOUTH WALES. 

Statement of Receipts and Payments for the year ended 
31st March, 1931. 

GENERAL ACCOUNT. 

RECEIPTS. 



£ 

s. 

d. 

s. 

d. 

To Balance- 31st March, 1930 

... 


1186 

S 

0 

,, Revenue - 






Subscriptions 

... 464 

2 

0 



Rents 

... 207 

12 

2 



Sundry Receipts 

... 23 

6 

2 



Government Subsidy 

Interest- 

... 100 

0 

0 



Government Bonds & Stock 
and Loan 

1140 

1 

2 

— 1935 

1 

5 






,, Liversidge Bequest — Interest 



3 

0 

3 

,, Royal Society’s Fund — Interest added 



299 

7 

3 

,, Loan 



20000 

0 

0 




23423 17 

0 

PAYMENTS. 






1 

s. d. £ 

s. 

d. 1 

s. 

d. 


By Administrative Expenses — 

Salaries and Wages — 

Office Salary and Accountancy 

Fees 291 15 0 

Assistant Librarian 48 0 0 

Caretaker 202 10 0 

542 5 0 

Printing, Stationery, Advertising 
and Stamps— 

Stamps and Telegrams ... 31 6 6 
Office Sundries and Stationery 7 0 8 

Advertising 4 12 0 

Printing 67 4 S 

no 3 5 
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Rent, Rates, Taxes and Services — £ 

s. 

d. ^ 

s. 

d. 

£ a. d.. 

Rent 481 

4 

8 






Electric Light and Gas ... 36 12 

4 






Insurance ... . ... 21 

11 

9 






Telephone 1815 

2 






— 


~55S 3 

11 




Printing and Publishing Society's 








Volume — 








Printing, &c 188 

7 

3 






Bookbinding 46 13 

9 






— 

— 

—235 

1 

0 




Library — 








Bookbinding 


266 14 

3 




Sundry Expenses — 








Removal Expenses 17 

4 

0 






Repairs 23 

12 

2 






Lift Attendant 47 

5 

0 






Bank Charges ... ... 4 

12 

0 






Sundries 51 

8 

2 






— 


— 144 

1 

4 






— 

— 

— 

1856 S 

11 

,. Interest — 








Union Bank of Australia Ltd. 


0 

11 

6 




Royal Society’s Fund 


299 

7 

3 




Loan Fund 


135 

14 

11 






— 

— 

— 

435 

13 

8 

,, Furniture 





4C2 

2 

6 

,, Science House 




12606 

n 

10 

,, J. H. Maiden Memorial Fund ... 





1 

1 

0 

,, Loan on Mortgage — Institution 








of Engineers ... 





4950 

0 

0 

,, Government Bonds and Stocks ... 





1176 

5 

0 

,, Clarke Memorial Fund 






11 

6 

,, Building Investment Loan Fund 





1080 

0 

0 

,, Balance— 31st March, 1931, 








Union Bank of Australia Ltd. 





915 

0 

7 


^^23423 17 0- 


Compiled from the Books and Accounts of the Royal Society oi 
New South Wales, and certified to be in accordance therewith. 

(Sgd.) HENRY G. CHAPMAN, M.D,, Honorary Treasurer. 
(Sgd.) W. PERCIVAI, MINELL, F.C.a. (Aust.), Auditor. 


Sydney, 28th April, 1931. 



xxviii. 


ABSTRACT OF PROOEROINGB. 


B4LANCB SHEET AS AT aist MARCH, 1931. 

Liabilitibs. 



£ 

s. 

d. 

£ 

s. 

d. 

Investment Fund — 







Clarke Memorial Fund 

1374 

1 

0 




Walter Burfitt Prize Fund 

.. 593 LS 

9 




Investment Fund 

.. 3757 13 

3 




Liversidge Bequest 

.. 565 

5 

2 






— 

— 

6290 15 

2 

On Loan 




2320 

0 

0 

Sundry Liabilities 

.. 



231 

8 

0 

Accumulated Funds 

• • 



29109 13 

10 




/37951 

17 

0 

Assets. 









s. 

d. 

£ 

s. 

d. 

Cash- 







Union Bank of Australia, Ltd. 

,, 



915 

0 

7 

Government Bonds and Stock 







(Nominal Value ;^7350) 

.. 



7073 

7 

5 

Science House Management Committee — 







Payments to date 

.. 



13270 

0 

0 

Sundry Debtors— 







Institution of Engineers 

.. 4950 

0 

0 




For Rents and Sundries 

.. 40 

10 

4 




For Subscriptions in arrears ... 

.. 528 11 

0 





— 

— 

— 

5519 

1 

4 

Library — 







Insurance Valuation 

.. 9115 10 11 




Add Expenditure during year 

.. 266 14 

3 





— 

— 

— 

9382 

5 

2 

Office Furniture- Insurance Valuation 

.. 



1452 

2 

6 

Pictures— Insurance Valuation 

.. 



180 

0 

0 

Microscopes — Insurance Valuation ... 

.. 



120 

0 

0 

Lantern— Insurance Valuation 




40 

0 

0 


;^37951 17 0 


Compiled from the Books and Accounts of The Royal Society of 
New South Wales, and certified to be in accordance therewith. 

(Sgd.) HENRY G. CHAPMAN, M.D., Honorary Treasurer. 
(Sgd.) W. PERCIVAL MINELL, F.c.A. (Aust.), Auditor. 
Queensland National Hank Chambers, 

27 Hunter Street. Sydney, 28th April, 1931. 
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INVESTMENT FUND. 


STATEMENT OF RECEIPTS AND PAYMENTS 

FOR THK 

YEAR ENDED 31ST MARCH, 

1931. 



Receipts. 


1 s. 


s. d. 

To Balance— .Mst March, 1930 



19 2 

,, Interest— 

Clarke Memorial Fund 

65 9 

0 


Walter Burfitt Prize Fund 

28 5 

0 


Liversidge Bequest 

29 15 

6 


Investment Fund 

178 18 

0 

— 302 

7 6 


6 S 


Payments. 

£ s. 

d. 

By Expenditure— Clarke Memorial Fund 

11 

6 

,, Balance— 3l8t March, 1931 

629C 15 

2 


/6291 6 

8 


On the motion of Mr. C. A. Siissmilch, seconclod by 
Professor K. D. Watt, Mr. W. P. Minell was duly elected 
Auditor for the eomirif? year. 

The Animal Uejiort of the Council was read, and on the 
motion of Mr. C. A. Sussmilch, seconded by Mr. A. E. 
Stephen, was adopted. 

Report op the Council fob the Year 1930-^U. 

(1st May to 29th April.) 

The Council regrets to report the loss by death of four 
ordinary members and two honorary members. Twenty- 
one members have resigned. On the other hand, eight 
ordinary members and one honorary member have been 
elected during the year. To-day (29th April, 1931), the 
roll of members stands at 307. 
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During the Society’s year, there have been eight general 
monthly and ten council meetings. 

Four Popular Science Lectures were given, namely: — 
July 17-~“The Romance of Wood,” by M. B. Welch, 
B.Sc., A.LC. 

August 21— ‘'Natural History Museums,” by C. Anderson, 
M.A., D.Sc. 

Se])teiiiber 18 — “The Developments in Economic Import- 
ance of Carbon Compounds,” by V. M. Trikojus, 
B.Sc., D.Phil. 

October Ki — “Wool Fibre; its Nature, Character and Use,” 
by Professor J. Douglas Stewart, B.V.Sc., M.R.C.V.S. 

Meetings were held throughout the Session by the 
Sections of (xeology and Physical Science. 

The Section of Industry during the yeai* again devoted 
its attention to visiting industrial establishments. 

Special invitations were extended to members on the 
following dates: Thursday, 3rd July, 1930, Amalgamated 
Wireless Works at Knox Street, and the Wireless Trans- 
mitting Station at Radio Centre, Pennant Hills, and on 
Thursday, IGth October, 1930, to the H.M.S. “Oxley.” 

Eighteen papers w'ere read at the General Monthly 
]\Ieetings, and covered a wide range of subjects. 

Lecturettes were given at the monthly meetings in June, 
July, August, September, October, November and 
December, by Messrs. A. R. Penfold, 0. U. Von wilier, 
C. A. Sussmilch, Warnford Moppett, A. R. Radcliffe- 
Brown, A. S. LeSouef and D. T. Sawkins, respectively. 

On Thursday afternoon, 14th November, 1930, a special 
lecture was delivered to members of the Royal Society by 
Professor A. S. Mitchell of the Leander McCormick 
Observatory, Virginia, U.S.A., on “The Recent Eclipse.” 
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Maiden Memorial Pavilion : The Maiden Memorial 
Pavilion was officially opened by the Lieutenant-Governor, 
Sir William Cullen, on Monday, 19th May, 1930. 

Science House : The foundation stone of Scieiiee House 
was set by His Excellency Air Vice-]\Iarshal Sir Philip 
Woolcott Game, G.B.E., K.C.B., D.S.O., Governor of New 
South Wales, on Tuesday, 24th June, 1930, and on the 
15th January, 1931, the Poyal Society of New South Wales 
took possession of its part of the building?. 

The Annual Dinner took place at the University (^lub, 
Phillip Street, Sydney, on Thursday, 23rd April (St 
Georf^e’s Day), 1931, when we were honoured by the 
presence of His Excellency Sir Philip Game, Mr. S. G. 
Thorj) (Architect for Science House), and the presidents 
of the Linnean Society of New South Wales, the Institu- 
tion of En^in(»ers, Australia, and the Chamber of Manu- 
factures. 

The Council has awarded the Clarke Memorial Medal 
to Kobin John Tillyard, M.A., D.Sc., F.R.S., F.L.S., F.E.S. 

The donations to the library have been as follow: 39 
volumes, 1524 parts, 29 reports, 6 maps, 1 catalogjue and 
6 calendars. 

Government Subsidy: On the 14th August, 1930, the 
Society was notified by the Director for Education that the 
government subsidy, which for many years past had been 
£400 per annum, would be reduced to £200 per annum. 

It was announced that the Council had awarded the 
Clarke Memorial Medal to Dr. R. J. Tillyard, F.R.S., and 
the President then made the presentation. Dr. Tillyard 
expressed his appreciation of the CounciUs action in making 
the award. 

The President announced that the following popular 
science lectures would be delivered this session: — 

• <4 
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July 16 — ** Oysters and Oyster Culture/^ by T. C. 
Roughley. 

August 20 — ‘*The Oceanographical Work of the ^S.Y. 
Discovery’ in the Antarctic Seas,” by W. W. Ingram, 
M.C., M.D., Ch.B. 

September 17 — ”The Sun,” by Rev. Wm. O’Leary, S.J. 
October 15 — “Insect Life,” by W. B. Gurney, B.Sc. 

A letter was read from the Consul-General for Denmark 
forwarding the “Dana Medal,” symbolizing the circum- 
navigation of the Globe by the “Dana.” 

The following donations were received: 513 parts, 10 
volumes, 5 reports, 1 calendar, and 1 catalogue. 

The President, Professor 0. U. Vonwiller, then delivered 
his address. 

There being no other nominations, the President de- 
clared the following gentlemen to be officers and council 
for the coming year : 

President: 

EDWIN CREEL. 

Vice-Presidents : 

Prof. R. D. WATT, M.A., B.Sc. Prof. L. A. COTTON, M.A., D.Sc. 
Prof. J. DOUGLAS STEWART, Prof. 0. U. VONWILLER, 

B.V.Sc., M.R.C.V.S. B.Sc., F.Inst.P. 

Hon. Treasurer: 

Prof. H. G. CHAPMAN, M.D. 

Hon. Secretaries: 

C. A. SUSSMILCH, P.G.S. R. J. NOBLE, M.Sc., B.Sc.Agr., 

Ph.D. 

Members of Council: 

C. ANDERSON, M.A., D.Sc. Prof. C. E. FAWSITT, D.Sc., 

Ph!D. 

E. C. ANDREWS, B.A., F.G.S. JAMES NANGLE, O.B.E., 

F.R.A.S. 
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Assist.-Prof. W. R. BROWNE, Prof. T. G. B. OSBORN, 

D.Sc. D.Sc., F.L.S. 

R. W. CHALLINOR, F.I.C., A. R. PENFOLD, F.A.C.L, 

F.C.S. F.C.S. 

Prof. J. C. EARL, D.Sc., Ph.D. M. B. WELCH, B.Sc., A.I.C. 

Professor Voiiwiller, the President, then in- 

stalled Mr. Edwin riH‘el as President for the eomin^j: year, 
and the latter bri(‘fly returned thanks. 

On the motion of Professor Paw^itt, a liearty vote of 
thanks was ae(*ord(‘d to the retiriii<»: president for liis 
valuable address. 

Professor Vonwiller briefly aeknowledfred the compli- 
ment. 


JPNP], :iKD, 1931. 

The five hundred and first General Monthly Meeting? was 
held in the Hall of Science House, Gloucester Street, at 
8 p.m. 

Dr. C. Anderson in the Chair. 

Thirty-five members and two visitors were present. 

The Minutes of the General Monthly Meeting of 3rd 
December, 11)30, and of the Annual Meeting of 6th May, 
1931, were read and confirmed 

The President nominated Mr. II. W. Challinor to preside 
at the Ballot Box, and members elected Messrs. H. V. 
Bettley-Cooke and II. G. Pyke to act as Scrutineers when 
the following gentlemen whose certificates had been read 
a second time were duly elected ordinary members of ihe 
Society: Warnford Moppett and Jack Maxwell Rayner; 
Thomas Ranken Lyle, K.B., C.B.E., D.Sc., F.R.S., was 
elected an honorary member of the Society. 

The following donations were received : 409 parts, 8 
volumes, 7 reports and 1 calendar. 
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A letter was read from the Secretary of the Old Boys’* 
TInion of the Ilawkesbury Aj^ricultural College, Richmond^ 
in regard to a proposed memorial to the late Mr. II. W. 
Potts, who was Principal of the College for nineteen years. 

Mr. A. B. Hector gave notice that at the next meeting 
he would move: — 

' ' That in view of the confusion which exists between the 
meaning of the ‘Logical Method’ and the ‘Technological 
Method’ of investigating phenomena, that equal honour 
and consideration be given to both methods.” 

Tin 10LI0W1N(. PAPERS WFRh READ 

1. — “A new Colorimetric Method for measuring the Hydrogen 
Ion Concentration of Natural Waters,’’ by Daphne Goulston 
(communicated by Prof. H. G. Chapman). 

2. — 'The Splenectomy of Tadpoles,” by Daphne Goulston 
(communicated by Prof. H. G. Chapman). 

3. — "Variations of the Hydrogen Ion Concentration of Sea 
Water,” by Daphne Goulston (communicated by Prof. H. G. 
Chapman). 

4. — "On the Metabolism of Cold-Blooded Animals,” by Daphne 
Goulston (communicated by Prof. H. G. Chapman). 

5. — "The Mineralogy and Origin of the Natural Beach Sand 
Concentrates of New South Wales,” by H. F. Whitworth, B.Sc* 
(communicated by C. A. Sussmilch). 

Remarks were made by Dr. W. R. Browne, Messrs. A. R. 
Penfold, and H. G. Raggat. 

6. — "The Celluloses of Two Water Plants,” by Prof. John 
Campbell Earl, D.Sc., Ph.D., and Miss Thelma M. Reynolds^ 
M.Sc. 

LECTURETTE 

"The Effect of Radium upon Eggs,” by Prof. H. G. Chapman,, 
illustrated by lantern slides. 

JULY lOT, 1931. 

The five hundred and second General Monthly Meeting 
was held in the Hall of Science House, Gloucester Street,, 
at 8 p.m. 
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Mr. B. Cheel, President, in the Chair. 

Forty members and twelve visitors were present. 

The Minutes of tlie preceding meetinj? were read and 
confirmed. 

The certificate of the following candidate was read for 
the first time : Frederick William Wheatley, Director of 
Cranbrook School, Edgecliff. 

The President announced that a popular science lecture, 
entitled “Oysters and Oyster (hilture,“ would be delivered 
by ^Ir. T. C. Roughley on Thursday, 16th July, 1931, at 
8 p.m. 

It was also announced that tlie First Liversidge Research 
Lecture would be delivered before the Royal Society by 
Mr. Harry Iley, Chief Metallurgist of the Electrolytic 
Zinc Company of Australasia Ltd., Melbourne, in the Hall 
of Science House, on Thursday, 24th September, 1931, at 
8 p.m. 

An invitation was received from the Town Clerk of 
North Sydney, inviting members to the ceremony of plant- 
ing trees in the new reserve at Pairs Head, on Saturday, 
25th July, 1931, at 2 p.in. 

The President, on behalf of the Council, gave notice of 
the following Motion, to be submitted at the next General 
Meeting : — 

Rule 9. — The annual subscription shall be £2/2/-, payable 
in advance, but members elected prior to December, 1879, 
shall be required to pay an annual subscription of £1/1/- 
only as heretofore. 

This ruling to be amended as follows: — 

The annual subscription shall be £2/2/-, payable in advance 
but members who are under 28 years of age and those elected 
prior to December, 1879, shall be required to pay only £1/1/- 
yearly. 

The following donations were received: 64 parts. 
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THE FOLLOWING PAPER WAS READ 

^‘Physiography of the Bathurst District/^ by C. A. Sussmilch, 
F.G.S. 

Remarks were made by Messrs. E. C. Andrews, W. R. 
Browne, L. A. Cotton, J. MacDonald Holmes, H. Q. 
Raggatt, and 0. U. Von wilier. 

LECTURETTE 

* ‘Modern Chemical Views on the Structure of Substances,*' 
by Prof. C. E. Fawsitt, Ph.D. (Illustrated by lantern slides. > 

AUGUST 5tii, 1981. 

The five liiindred and third General Monthly Meeting 
was held in the Hall of Science House, Gloucester Street, 
at 8 p.m. 

Mr. E. Cheel, President, in the Chair. 

Thirty members and ten visitors w^ere present. 

The Minutes of the preceding meeting were read and 
confirmed. 

The President announced the death of Mr. David Reid, 
who had been elected a member in 1914. 

A letter was read from the Misses Reid, expressing their 
appreciation of the Society’s sympathy in their recent 
bereavement. 

The President nominated Mr. M. B. Welch to preside at 
the Ballot Box, and members elected Dr. G. Harker and 
Mr. H. V. Bettley-Cooke to act as Scrutineers when the 
following gentleman, whose certificate had been read a 
second time, was duly elected an ordinary member of the 
Society: Frederick William Wheatley. 

It was announced that a popular science lecture, entitled 
'‘The Oceanographical Work of the ‘S.Y. Discovery’ in 
the Antarctic Seas,” w’ould be delivered by Dr. W. W. 
Ingram, on Thursday, 20th August, 1931, at 8 p.m. 
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A letter was read from tlie Under-Secretary, Department 
of Agriculture, Sydney, stating that a scientific expedition 
is being despatched by tlie University of Harvard, Massa- 
cliusetts, U.S.A., arriving in Sydney early in August for 
the purpose of gathering entomological, zoological and 
ornithological specimens for their Museum of Comparative 
Zoology. The personnel of the party being: Professor 
W. M. Wlieeler, Mr. II. Stevens, Dr. Glover Allen, Dr. 
li. J. Darlington, Mr. \V. E. Sheville, Dr. Tra Dixon and 
Mr. Ralph Ellis. 

Mr. C. A. Sussmilch, on behalf of the Council, moved the 
alteration of Rule 9 of which notice had been given at the 
previous meeting, namely: That Rule 9 be altered to read 
as follows : — 

“The annual subscription shall be Two Guineas, payable in 
advance, but members who are under twenty-eight years of age 
and those elected prior to December, 1879, shall be required to 
pay only One Guinea yearly.” 

This was seconded by Mr. A. R. Pcnfold, and carried 
unanimously. The President announced that the Resolu- 
tion would be submitted for confirmation at the next 
Annual Meeting. 

THE FOLLOWING PATERS WERE READ 

1. — “On a specimen of Fossil Timber from the Sydney Harbour 
Colliery,” by R. T. Baker. 

2. — “Notes on Bathyliths and some of their Implications,” by 
Assist.-Prof. W. R. Browne, D.Sc. 

LECTURLTTE : 

“The Cultivation of the Tung Oil Tree {Aleurites Fordii) in 
Australia,” by A. R. Penfold, F.C.S. 

EXHIBITS: 

1 . — “Journal Bearings made from Australian Hardwoods,” by 
£. G. Bishop. 

2. — “Avertin,” by A. B. Hector. 
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SEPTEMBER 2nd, 1931. 

The five hundred and fourth General Monthly Meeting 
was held in the Hall of Science House, Gloucester Street, 
at 8 p.ni. 

Mr. E. Cheel, President, in the Chair. 

Thirty-thr(‘e members and one visitor were present. 

The Minutes of the preceding meeting were read and 
confirmed. 

The President announced the deaths of Messrs. Robert 
Grant, elected a member in 1922, and Sydney Harnett 
Stroud, elected in 1919. 

It was announced that a popular science lecture, entitled 
^‘The Sun,” would be delivered by the Rev. Win. O’Leary, 
on Thursday, 17th September, 1931, at 8 p.m. 

It was also announced that Commemorative Addresses 
in connection with the Centenary of Michael Faraday’s 

Discovery of Electro-Magnetic Induction” would be 
delivered by Professors J. P. V. Madsen and 0. U. Von- 
willer in the Great Hall of the University of Sydney on 
Tuesday, 22nd September, 1931, at 8.5 p.m. 

The President also announced that the First Liversidge 
Research Lecture, entitled ”The Production of Zinc by 
Electrolysis of Zinc Sulphate Solutions,” would be de- 
livered by Mr. Harry Hey on Thursday, 24th September, 
1931, at 8 p.m. 

The following donations were received: 7 volumes, 126 
parts, 3 reports, and 1 calendar. 

IHE lOLLOWlNCi PAPERS WERE READ 

1. — ‘The amount of Hydrocyanic Acid in Sorghum and some 
Hybrids,” by H. Finnemore, B.Sc., and C. B. Cox, B.Sc. 

Remarks were made by Mr. R. W. Challinor and Pro- 
fessor J. Douglas Stewart. 
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2. — contribution to the Chemistry of the Fruit obtained 
from the White Cedar Tree (Melia Azedarach, Var. AustraJasica 
D.DC.; Syn. Melia Australasica, A. Juss), growing in New South 
Wales, with notes on its reputed toxicity,” by F. R. Morrison, 
F.C.S., A.A.C.I., A.S.T.C., and R. Grant, F.C.S. 

T.ECTURETTE: 

‘breeding for disease resistance in Plants” (illustrated by 
lantern slides), by W. L. Waterhouse, M.C., D.Sc.Agr., D.I.C. 

EXHIBIT: 

“A note on Molecular Movement,” by Mr. A. B. Hector. 

OC^TOBER 7Tir, 1931. 

The five Inindred and fifth General Monthly Meeting 
was held in the Hall of Sieienec TFonse, Gloucester Street, 
at 8 p.in. 

Mr. E. Cheel, President, in the Chair. 

Thirty members were ])resent. 

The Minutes of the j)receding meeting were read and 
confirmed. 

Letters were read from Mesdames R. Grant and S. H. 
Stroud, expressing thanks for the Society’s sympathy in 
their recent bereavements. 

The President announced that a popular science lecture, 
entitled ‘‘Insect Life,” would be delivered by Mr. W. B. 
Gurney on Thursday, 15th October, 1931, at 8 p.m. 

The following donations WTre received : 108 parts, 3 
volumes, 6 reports, and 1 map. 

The President reminded members that a “Walter Burfitt 
Prize” would be aw^arded during the year 1932 and that 
nominations should be received early next year. 

The Hon. Secretary reported that the James Clerk 
Maxw^ell Centenary was being celebrated, during this 
month, in Louvlon, and that the Royal Society was being 
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represented at the celebration by Professor Kerr Grant, of 
South Australia, and Dr. W. II. Love, of Sydney. 

THE FOLLOWING PAPER WAS RE.\D: 

“The condensation of a^-Dibromocarboxylic acids with 
benzene in the presence of aluminium halides,'* by Prof. J. C.^ 
Earl, D.Sc., Ph.D., and C. H. Wilson. 

The Senentv-Fiftii Anniversary of the Royal Society 
OF New SorTii Wales. 

A series ot* addresses ui)on the early history and some 
of the more prominent early workers of the Society was 
given by the following gentlemen: Dr. II. G. Chapman, 
Sir Edg(‘worth David, Dr. J. A. Dick, Mr. eJames Nangle 
and Sir Henry Barraclough. 

On the suggestion of Sir Edgeworth David, it was- 
decided to send a letter of greeting to Mr. E. F. Pittman, 
one of the very old members, now resident in Victoria. 

A vote of thanks to the several speakers was proposed 
by Professor Fawsitt and carried with acclamation. 

NOVEMBER 4th, 1931. 

The live hundred and sixth General Monthly Meeting 
was held in the Hall of Science House, Gloucester Street, 
at 8 p.m. 

Mr. E. Cheel, President, in the Chair. 

Twenty members were present. 

The Minutes of the preceding meeting were read and 
confirmed. 

A lett(‘r was read from Mr. E. F. Pittman, thanking 
members for message of greeting. 

The following donations were received: 189 parts, ft 
volumes, and 4 reports. 
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THE FOLLOWING PAPT.RS WERE READ- 

1. — ^‘The Essential Oil of Leptospermum Ltverstdgei var. B. and 
the occurrence of Isopulegol,” by A. R. Penfold, F.C.S. 

Remarks were made by Professor Earl and Mr. Pinne- 
more. 

2. — “Notes on the Pericalymmce section of the genus Leptosper^ 
mum (with descriptions of three new species)/’ by E. Cheel. 

Remarks were made by Mr. M. B. Welch. 

LECTURETTE: 

“Recent New Zealand Earthquakes/’ by C. A. Sussmilch, 
F.G.S. 


DECEMBEJi 2ni), 19:11. 

Tile five liiiiidred and seventh G(*neral Monthly Meeting 
was held in the Hall of JSeience House, Gloucester Street, 
at 8 p.iii. 

Mr. E, Cheel, President, in the Chair. 

Sixteen members were present. 

The Minutes of the preceding meeting were read and 
confirmed. 

The Presid(Uit aniiouneed the death of Mr. William 
Mogford Hamlet, who was elected a member in 1877, and 
was President in 1899 and 1908. 

The eertitieate of the following candidate was read for 
the first time: Francis (Jloulder, A.S.T.C., A.A.C.I., Manager 
of the Ev(‘r-Ready Works, Marshall Stn^et, Surry Hills, 
Sydney. 

The following donations were received: 312 parts, 9 
volunu‘s, 9 reports, 1 map, and 4 calendars. 

Alteration to Rules to provide for the admission of 
Corporate Members: — 

Rule VIII a. — A Partnership, Firm or Company may be 

admitted to corporate membership of the Society. 
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Application for admission shall be made according to the 
prescribed form of certificate for ordinary membership signed 
by not less than three members. 

Rule VIII b. — The election of such corporate members 
shall be in the manner set forth for the election of ordinary 
members as in Rule VIIL 

Rule VIII c. — The subscription for corporate membership 
will be five guineas per annum. 

Rule VIII d. — Corporate members may nominate some mem- 
ber of their Firm or Staff to represent them at the meetings of 
the Society. Such representative, however, will not be eligible 
to hold office or for election as a member of council. They 
shall have all other privileges of ordinary members. 

Considerable discussion took place, and the following 
suggestions were made for submission to the Council : — 

(a) Moved by Mr. Jacobs and seconded by Mr. Challinor, 
that Rule Villa be modified to provide for such corporate 
membership be not used for advertising purposes. 

(b) Moved by Professor Earl, and seconded by Mr. 
Penfold, that in the proposed Rule Vllld that the second 
sentence starting with ^^such representative^^ be eliminated 
and replaced by the words ‘^Such representative to be 
approved by the Council.’’ 

THE JOLLOWING PAPERS WERE READ 

1. — “Notes on Wattle Barks,” Part III, by M. B. Welch, B.Sc., 
F. A. Coombs, F.C.S., and W. H. McGlynn. 

Remarks were made by Messrs. A. D. Olle and E. Cheel. 

2. — “An Undescribed Species of Wattle, Acacia filicifolia,** by 
E. Cheel, F.L.S., and M. B. Welch, B.Sc. 

Remarks were made by Mr. M. B. Welch. 

3. — “Notes on the Shrinkage of Wood,” by M. B. Welch, B.Sc. 
Remarks were made by Mr. E. Cheel. 

EECTURETTE 

“The Story of Indigo,” by Prof. J. C. Earl (Illustiated with 
Lantern Slides). 
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At the conclusion, a vote of thanks was moved by Pro- 
fessor Pawsitt, and carried unanimously. 

At the conclusion, the President wished all the members, 
the Compliments of the Season. 
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ABSTRACT OF THE PROCEEDINGS 

OF THE 

GEOLOGICAL SECTION. 

Annual Meciing, April 17ih, 1931. 

Mr. C. A. Sussmilch was in the Chair. 

Eleven members and eiprht visitors were present. 

Mr. C. A. Siissmileh was elected Chairman and Mr. 

H. Ct. Raggatt, lion. Secretary for the year. 

It was agreed that the night of meeting slioiild be the 
third Friday of each month, and that the time of meeting 
should be 7.15 p.m. instead of 7.45 p.m. 

LXIIIBITS 

I. By Mr. W. S. Dun — A suite of CarbonifcTOus fossils 
from the head of Maule's Creek, 24 miles north-east 
from Boggabri, including corals of the lithostrotion type 
and a number of brachiopods, gasteropods, and erinoids. 

2. By Professor W. R. Browne — (a) Graptolites from the 
Upper Ordovician slates to the south of Cooma, lying 
on the strike of the Cooma Schists. Diplograpfus 
hicornis was recognised, (b) Micaceous hematite from 
a schistose porphyry occurring in veins oblique to the 
schistosity. 

3. By Sir Edgeworth David on behalf of Mr. Tom Dibley — 
Fossil plants, including Thinnfeldia narrahecnenm 
from the Narrabeen Shales, north of Narrabeen. 
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4. By Professor Cotton — A largo spoeimon of Cl drop- 
sis from the Parish of Taree. 

5. By Miss Ida A. Brown — (a) Dyke rock from Narooma, 
containing very large phenocrysts of liorii blende, 
labradorite and biotite. (b) Spherulites from a quartz 
porphyry near Ed(‘n, with banded chalcedony. 

Mr. T. Hodge Smitli gave an account of liis geological 
observations wliile on a recent exy)edition to Central Aus- 
tralia. 

The mesas of the Tarlton Range were described and men- 
tion made of the Jervois Range area. The latter range forms 
a striking escarpment, suggestive of faulting and flanks a 
plateau about 2000 feet above sea-level. The range consists 
of a typical Pre-Cambrian complex, resembling the Broken Hill 
area. A number of minerals were collected, including a very 
rare type, sphserocobaltine. 

At Oorobbra gneissic granite is found associated with the 
schist series and in the Hart Range both schist and gneiss are 
intersected by basic and acid intrusives. 

Sir Edgeworth David, Professor Browne and Mr. Kenny 
discussed the address, and Mr. T. llodge-Smith replied to 
points raised in the discussion. 

May loth, 1931, 

Mr. C. A. Sussmilch was in the Chair. 

Ten members and nine visitors were ])resent. 

EXHIBITS: 

1. By Mr. E. J. Kenny, which were described by Mr. W. S. 
Dun, as follows — (a) Tertiary forms from South Ita and 
Buckalow bores; Trigonia semi-undnlaia, Magasella, 
Corhula, Pectnnculns, Turriiella, 2 spp., and a number 
of sharks’ teeth, (b) Cretaceous forms from Tibooburra, 
including Modiola eyrensis, Maccoyclla barklyi, Ftssi- 
lunula clarkeL (c) Jurassic plant remains from Tiboo- 
burra; Taeniopteris spathulatum and Taxiies. 
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Mr. E. J. Kenny addressed the section on ‘‘Some Aspects 
of the Geolojyy of the West Darlings District.’’ 

The distribution, lithologry, structure and geological age of 
each major group of rocks occurring in this very wide area of 
34,000 square miles were referred to, particular attention being 
given to the Jurassic and Cretaceous beds as exposed in the 
Tibooburra and White Cliffs districts. The important discovery 
of fossil plants of Jurassic age and of marine fossils of Lower 
Cretaceous age was mentioned and special reference was also 
made to the widespread distribution of glacial erratics in rocks 
of Lower Cretaceous age, which occupy a large proportion of 
the West Darling area. 

The distribution of Tertiary marine rocks southwards from 
the Barrier Ranges was discussed. Information concerning 
these had been obtained from bore cores in which shells and 
sharks* teeth of Miocene (Janjukian age) had been noted. 
Leaves of a dicotyledonous plant, also probably of Tertiary age, 
were referred to as occurring in the siliceous capping of the 
Cretaceous rocks at White Cliffs. 

Professor Cotton expressed the thanks of the meeting to 
Mr. Kenny for his instructive address concerning a little 
known area, in which the conditions for geological work 
are particularly difficult. 

June 19th, 1931. 

Mr. C. A. Sussmilch occupied the Chair. 

Thirteen members and eleven visitors were present. 

EXHIBITS 

1. By Professor W. II. Browne, on behalf of Miss 
Dnnnieliff — Amygdaloidal lavas and zeolites, with 
fossil w^ood enclosed in lava, from Coonabarabran. 
(Stated by Mr. Kenny to belong to the Garrawilla series 
of Jurassic age.) 

2. By Mr. M. Morrison — Beryl crystals from Thackeringa. 

3. By Mr. L. L. Waterhouse — Suite of fossiliferous lime- 
stone.s from Colo Creek, Capertee. The fossils included 
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Receptacidites, Loxonema and Sfromatopora, Age: 

Middle Devonian. 

Miss Tda A. Brown addressed the section on **Tlie 
Devonian sequence on the South Coast of New South Wales, 
and its correlation with other occurrences in South Eastern 
Australia.” 

The sequence referred to was studied on the South Coast of 
New South Wales between the Shoalhaven River and the Vic- 
torian border. The Devonian rocks here rest with marked 
unconformity on highly-folded pre-Devonian sediments. 

It was pointed out that three divisions of the Devonian Rocks 
may be recognised as follows: — 

i. — A lower series of volcanic rocks — porphyries, quartz 
prophyrites and tuffs. 

ii. — A series of freshwater or estuarine beds containing 
Upper Devonian plant remains with interbedded rhyolites, 
felsite and basalts. 

iii. — An upper series of conglomerates, grits, sandstones 
and quartzites containing typical Upper Devonian fossils. 

The three series are separated from each other by erosional 
breaks, and the upper (marine) are more widely distributed 
than and overlap the older series. 

Tentative correlations with Devonian rocks of similar type 
in other parts of South-Eastern Australia were suggested, 
reference being made particularly to the Gippsland area in 
Victoria. 

The palaeogeography of the Devonian was also briefly con- 
sidered. 

Discussion followed, which was contributed to by Sir 
Edgeworth David, Messrs. Andrews, Sussmilch and Dun, 
Professors Cotton, Browne and McDonald Holmes, and by 
Messrs. Waterhouse, Naylor and Raggatt. 

July 17th, 1931, 

Mr. C. A. Sussmilch occupied the Chair. 

Eleven members and eight visitors were present. 

R 
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EXHIBITS; 

1. By Mr. E. K. F. Naylor — Fossil flower from Tertiary 
beds at Bundanoon, probably Leptospermum. 

2. By Mr. L. L. Waterhouse — (a) From Cranky’s Falls, 
near Fitzroy Falls. Hematite concretion, polished 
by attrition, apparently due to its being turned round 
by impact of drops of water from above, (b) Chlorite 
in stanniferous quartz crystals from Torrington. 

3. By Mr. H. F. Whitworth — Concretions of iron pyrites, 
surrounded by limonite from Triassic rocks, Wilde’s 
Meadow, Moss Vale. These suggest a mode of origin 
for similar limonite concretions found in the Sydney 
District. 

Professor W. R. Browne addressed the section, his sub- 
ject being Notes on the Physiography of the Tipper 
Murrumbidgee. ’ ’ 

The course of the Upper Murrumbidgee was described, toge- 
ther with those of its tributaries. In particular valley-in-valley 
structure was mentioned, there being well marked terraces or 
gravels at heights above the present river level of 50-60, 140-150, 
240-250 and 400 feet. In contradistinction to the youthful 
tributaries which join the main stream on the left bank as far 
down as Tharwa, the Umaralla River, which joins it on the 
right bank, is mature and its tributaries occupy mature basalt- 
filled valleys. 

At Michelago it was noted that the “valley*^ of the Upper 
Murrumbidgee is eight miles wide, the Tinderry Range forming 
the true eastern side of the valley. The carving out of this valley 
has been mainly the work of tributaries and not of the Mur- 
Tumbidgee itself. It was pointed out that from Umaralla 
northwards the course of the Murrumbidgee is confined on the 
western side by the eastern boundary of a granite bathylith, 
and on the eastern side by bars of porphyry such as form the 
high ground on the east side of the river near Michelago. 

The lecturer considered that the evolution of the present 
stream pattern had thus been determined by erosion of rocks 
of differential hardness and not by faulting. It was also 
shown that the difference in the levels of the basalt near 
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TJmaralla was due, not to faulting, but to difference in levels 
in the old topography upon which they rested. 

The address was discussed by Sir Edgeworth David, 
Mr. E. r. Andrews and Mr. C. A. Siissmilcli, Professor 
Browne briefly re])lying to points raised in discussion. 

Augitfff 2Uf, 1931. 

Mr. C. A. Sussmilch in Ihe Chair. 

Seven members and two visitors were present. 

¥ XniBITS 

1. By Mr. W. S. Dun on behalf of Mr. Carey — Specimens 
of fossil plants from Turrimetta Head. The specimens 
included plants which Dr. A. B. Walkom considered 
probably belonged to the genus Todites, both fertile and 
sterile exam])le‘< being present. This constitutes the 
first re(*ord of tin* genus from tin* Narrabeen ?Neries. 
Similar examples with somewhat larger pinnules hai’c 
been recorded fi'om the Esk Series in Queensland. At 
Turrimetta Head, the Todifes is associated with Thinn- 
fcldia and Neoccdamifca, 

Dr. Anderson addressed the section on “The Ancestors 
'Of Man.’’ 

The subject was introduced by an outline of the orthodox 
view of man’s line of ascent. The following types of early man 
were then discussed-, reference being made to casts, skulls and 
'Other illustrations: — 

1. — Neanderthal man (H. Neanderthalemis) of whom the 
first representative was found at Gibraltar in 1848. The type 
specimen was found in Neanderthal in 1857. Neanderthal man 
dates from about the time of the Hiss ice stage. 

2. — Heidelberg man. Considered by some research workers 
to be a robust example of H. Neanderthalemis, 

3. — Rhodesian man, found in 1921. The skull found shows 
him to have been a very robust type of Neanderthal man. 

4. — Piltdown man, found in 1927. The remains show a fairly 
high organisation .as to head, but with an ape>like lower jaw. 
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Some doubt has been expressed as to their being^ part of the one* 
specimen. Piltdown man belonged to the early Pleistocene. 

6. — Java man (Pithecantropas erectus), of early Piliocene* 
age had an ape-like skull cap and teeth, but probably had the 
rudiments of speech and appears to be quite entitled to ad- 
mission to the genus Homo. 

6. — Peking man (Sinenthcopis Pekingemis), A skull cap was 
found in 1929 and the remains of twelve individuals later. 

Mention was also made of the Talgai skull found in a gravel 
bed in a tributary of the Condamine River. The skull repre- 
sents an early Australian type different from the modern 
aborigine. 

The address was concluded by reference to other views of 
man^s ancestry, such as those held by Wood-Jones, Tate-Regan. 
and Osborn. 

A general discussion centred about the principal ex- 
hibits referred to in the address, Dr. Anderson replying 
to the many questions asked of him. 

Srptemher t8th, 1931, 

Mr. C. A. Sussmilch was in the Chair. 

Seven members and seven visitors were present. 

LXHIBITS . 

1. By Sir Edgeworth David — (a) On behalf of Captain 
A. C. Morris, laterite from the Gosford District, used 
as a road material, ('b) On behalf of Misses Powell and 
Culey: specimens from gravel beds at Tuggerah Lakes 
identical with pebbles from Emu Plains, suggesting de- 
position by the same stream, an ancestor of the- 
Hawkesbury River. 

2. By Mr. M. Morrison — (a) A full section of a ‘‘kero- 
sene” shale seam at Coolawa 7 Mountain, (b) Wallaby 
excrement from Coonabarabran , (c) Tungsten ore 
fScheelite, wolfram, iron and copper pyrites, bis- 
muthinite.) (d) Ore from St. Aignan's mine, Lucknow^, 
showing free gold, (e) Free gold enclosed in arsenical 
pyrites from Nelligen. (f) Epidote in quartz fronn 
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'Crudine, near Sofala. (g) Quartz veins in granite from 
JBoonoo Boonoo. (h) Graphite schist from Eyre’s 
Peninsular, South Australia, now being worked for 
graphite, (i) Pencil-like piece of fibrous gypsum 
obtained from a locality 50 miles from Bourke. (j) 
Stichtite. 

3. By Professor W. K. Browne — (a) On behalf of Mr. 
Carey from near Colinton : silicified phyllite. (b) From 
the Cooma-Colintoii Ordovician rocks — a series of 
specimens showing structure; (i) sheared tuff or por- 
phyroid rock showing puckering; (ii) puckered 
silicified limestone; (iii) schist showing relationship 
of bedding, folding and schistosity; (iv) silicified and 
banded chert-like rocks; (v) granitised mica schist, 
showing mullion structure. 

Lantern slides were also exhibited in explanation of the 

•exhibits and of the physiography of the region. 

4. By Mr. W. S. Dun — (a) Specimen of Jsofeliis gigas 
from the Trenton of New York, (b) Specimens from 
Mudgee, collected by H. E. Barton, closely allied to 
Mitclielldeaniaf Cnbrifonms, Eth. fil. from Belubula 
and from Copper Hill, near Molong. They are probably 
more closely allied to the lime-secreting thallophytes 
tlian to the cadenterates. (c) On behalf of the Aus- 
tralian Museum. Silicified Cijathophyllum and Favo- 
rites from Colinton. 

5. By Mr. C. A. Sussmilch — A series of specimens illustrat- 
ing a se(iuence near Kandos of about 5,000 feet of 
strata, mainly referable to the Devonian. (?) Mr. Dun, 
in discussion, mentioned that there were no fossil types 
I)resont in common with those of the Tamworth Area. 

6. By Mr. H. O. Kaggatt — Two pieces of bore core, showing 
miniature dyke and sill, from the Greta series at 
Muswellbrook. 
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October 16th, 193 L 

Mr. C. A. Siissmilch occupied the Chair. 

Eij?ht members and four visitors were present. 

EXHIBITS : 

1. By Mr. W. S. Dun — A new Ammonoid, collected hy 
]Mr. Dunifaee, manaprer of Pelton Colliery, from the* 
Upper Marine Series at Pelton. The specimen is an 
almost complete one, .showing portion of the body 
chamber and well jireserved septum and suture lines. 
It appears to represent a new member of tlie Glyph- 
ioceratidss with 7 lobes as compared with Paralegoceras 
11, Agathiceran 13 and Sichistoceras It"). There is no- 
dose resemblance to any of the Timor Permian genera. 

2. By Mr. II. 0. Fletcher — on behalf of the Australian 
Museum, Thinnfchiia from Bronte. 

3. By Mias Ida A. Brown — Specimens of limestone from 
Portland, coralline and highly altered, of Silurian age. 

4. By Mr. T. llodge-Srnith — On behalf of the Australian 
Museum; Billitonifes from the Philippines. 

Mr. II. 0. Fletcher, delivered a lantern lecture on Sir 
Douglas Mawson’s recent Antarctic expeditions, dealing 
more particularly with the geological aspect. Sir Edgeworth 
David, Professor W. E. Browne and Mr. C. A. Sussmilch 
contributed to a discu.ssion of the lecture. 

November 30th, 1931, 

Mr. C. A. Sussmilch was in the Chair. 

There were ten members and five visitors present. 

EXHIBITS: 

By Mr. L. L. Waterhouse — A plane table constructed 
by IMr. 6. Watts at a very small cost, and very efficient 
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The recently issued paper by T. W. E. David and 
C. A. Sussmilch on “Upper Palaeozoic Glaciations of 
Australia/' (Bull. Geol. Soc. America, Vol. 42, pp. 481- 
522, 1931), was read in brief by the authors and discussed 
by the meeting. Professors Cotton and Browne and Messrs. 
E. C. Andrews and W. S. Dun contributed to the discussion. 
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ABSTRACT OF THE PROCEEDINGS 

OF TOE 

SECTION OF INDUSTRY. 


Officers: Chairman, A. D. Olle, F.C.S.; Honorary Secre- 
tary, II. V. Bettley-Cooke. 

Durin}' the year the following works were visited by 
the members: — 

May 12th. — Engineering Department, Garden Island. 
June 9th. — The Globe Worsted Mills, Marrickville. 

July 14th. — Australian Paper Mills, Matraville. 

August 11th. — The Bunnerong Power Station. 

Septemher 8th. — The Cancer Research Department, Uni- 
versity of Sydney. 

October 20th. — Kellogg (Aust.) Pty. Ltd., Botany. 

November 10th. — Toohey’s Brewery, Elizabeth Street, 
Sydney. 

December 8th. — The Botanic Gardens, Sydney. 

December 9th. — The Shale Oil Development Committee 
Ltd., Newnes. 
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ABSTRACT OF PROCEEDINGS 

OF TRB 8BCTION OF 

PHYSICAL SCIENCE. 


Officera: Chairman, Professor 0. U. Vomviller B.Sc., 
FJnst.P.; t^vcrvtarij. Assistant Professor G. li. J^riggs, 
B.Sc., Ph.D., F.Inst.P.; Assiniant Secretary, S. E. Williams, 
B.Sc.; Committee, Professors Bailey, Madsen, WelJish, 
Major E. 11, Booth, Mr. J. Baimon, Miss P. Nieoi. 

The Section, during the year 1931, made certain clianges 
in tlie (jonduct of its affairs, which are briefly as foilows: — 
The ('’oinmittee decided to formally associate in future, 
with tlie Section, advanced students of Pliysics in the 
University of Sydney and others not eligible for member- 
sliip of the Royal Society; such members of the Section 
to elect two representatives to the Committee of ’the 
St*ction, one of whom may act as Assistant Secretary of 
the Section. 

Thirteen meetings were held during 1931, the average 
attendance being 14. 

April t5th, li)31. — Mr. Baniion — Demonstration and de- 
scription of the Methods used in tlie Radium Labora- 
tory, Cniversity of Sydney, in the purification of 
Radon. 

Ai.ril :29th, 193 J . — Joint discussion with the N.S.W. 
Branch of the Royal Astronomical Association on the 
C'onstitution of Stars. 
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May 13th, 1931. — Mr. J. Raynor, B.Sc.— Electrical Methods, 
of Cieophysical Prospecting. 

June lOilin 1931. — Associate Professor Bailey — Some Re- 

* cent Scientific Experiences and Impressions in 
Europe. 

June 17th, 1931, — Mr. li. L. Aston, M.Sc.— Milne’s Theory 
of Stellar (institution. 

July — Mr. S. E. Williams — Atmospheric Poten- 

tial Gradient: Its Measurement and Correlation \vith 
Meteorological Conditions. 

July loth, 1931. — Mr. G. Godfrey — The Mathematical 
Basis of Einstein’s Unified Field Theory. 

Augusi 3th, 1931. — ^l^rofessor V. A. Bailey — Some New 
Plienomeiia associated with Beams of Electrons. 

I3cptenib(r 16th, 1931. — Discussion of Professor Wellish’s 
paper on Photoelectrons and Ions. 

October 7th, 1931. — Discussion of Photographic Methods 
of Measuring Radiation Intensities. 

October 33n(l, 1931. — Assistant Professor G. II. Briggs — 
Recent ^\ork on the Relation of alpha and beta rays 
to gamma rays. Mr. H. J. Frost — Some curves obtained 
witli thin plates in the infra red. 

November 4th, 1931. — Mr. R. L. Aston — Surveying Instru- 
ments, witli special reference to recent improvements. 

November 18th, 1931. — Professor 0, U. Vonwiller — Total 
Reflection of X rays. 
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THE PRODUCTION OF ZINC BY ELECTROLYSIS 
OF ZINC SULPHATE SOLUTIONS.* 

By Harry Hey. 

With five text figures and one plate. 

Published as a Supplement to the Journal of the Royal Society of 
New South WaleSf Vol LXV.. 1931, 


The public opening of the Faraday Exhibition in London 
less than 24 hours ago reminds us that it is but 100 years 
since Michael Faraday made the discovery in which lies 
the origin of the dynamo, and thus laid the foundation for 
the development of electrical machinery, which is the basic 
requirement for any electro-chemical industry. The first 
commercial dynamo electric machine^’ was produced by 
Siemens in 1867 and from then onwards chemists, physi- 
cists, engineers and others have given a great deal of 
attention to applied electro-chemistry, of which the electro- 
lytic zinc industry is an important branch. 

The world’s production of zinc during 1930 by all 
processes totalled approximiately 1,400,000 tons, and the 
present annual capacity of plants using the electrolytic 
process aggregates approximately 550,000 tons. Australia’s 
share is 55,000 tons, increasing to 70,000 tons when the 
Risdon extensions are completed. The power required for 
depositing zinc in the world’s electrolytic zinc plants when 
on full production amounts to a continuous load of 270.000 
H.P., D.C. 

* Firat Liversidge Research lecture delivered on 24th Sept., 
1981, at Science House, Sydney, arranged by the Royal Society 
of New South Wales under the terms of the Liversidge bequest. 
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As recently as 1914 there was no electrolytic zinc in- 
dustry. Its development has been truly remarkable. Its 
position to-day is an outstanding example of the application 
of rigid chemical control to large scale operations. The 
electrolytic zinc plant is really a laboratory on a large scale 
in which thousands of gallons, instead of litres, of solution 
are handled in tanks and pumps instead of beakers and 
pipettes. The removal of some impurities is carried to a 
degree farther than was previously necessary for the 
analytical determination of these same substances; new 
standards of analysis were necessary and new rnetliods have 
been devised. 


History. 

Australia — especially the State of New South Wales — 
was particularly concerned with the early attempts to 
develop the electrolytic zinc process. A large quantity of 
zinc-bearing by-product had accumulated at Broken Hill, 
and it was thought to be suitable for treatment by some 
such process. 

Prior to 1913 literally hundreds of experimenters 
attempted to recover zinc by hydrometallurgical pro- 
cesses which, in many cases, involved the electrolysis of 
a solution of either zinc sulphate or zinc chloride. Accounts 
of their experiments are distributed throughout the litera- 
ture of many countries, more especially in patent records, 
but it was not until 1914 that the modern electrolytic zinc 
process or, indeed, any commercial process involving the 
electrolysis of zinc sulphate solutions, can be said to have 
been established. Small plants were operating earlier in 
Germany and in England, using a zinc chloride electrolyte, 
but these plants have been closed and the chloride process 
abandoned. Unless otherwise specified any further refer- 
ence will be confined to the sulphate process. 
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It is instructive to review the outstanding early attempts 
lo produce electrolytic zinc. In 1881 Letrange obtained 
patents^®) for producing zinc by elect roljj'sing zinc sulphate 
solutions. His process included roasting, leaching and 
-electrolysis. He used sheet zinc cathodes and carbon anodes, 
but he did not succeed in producing zinc on a commercial 
scale. His work is of interest, chiefly because be used 
insoluble anodes ; cells without diaphragms and an electro- 
lyte containing free acid. It has been claimed by Ralston^^^ 
that Letrange practically anticipated modern practice, but 
as far as can be determined at this date the only feature in 
common with present practice is the use of sulphate 
solutions containing free acid. 

About 1891 Sherard Cowper Cowles (the inventor of the 
Sherardising process) was experimenting with the electro- 
galvanising of iron and steel articles, using zinc sulphate 
solutions, and some three or four years later he erected an 
experimental jilant in Cornwall for recovering electrolytic 
zinc from the Broken Hill material already mentioned. 
He removed copper and cadmium from the impure zinc sul- 
phate solution (obtained by roasting and leaching) with 
scrap zinc or zinc dust, and he sometimes found it necessary 
to remove manganese. The solution purified in this way 
contained approximately 100 grams of zinc as sulphate per 
litre. He electrolysed with lead anodes and aluminium 
cathodes and he apjiarently also recognised that free sul- 
phuric acid in the electrolyte improved the character of 
the deposited zinc. As far as the author knows, Cowper 
Cowles was the first experimenter to use aluminium 
cathodes, and it is likely that he also recognised the need 
for careful purification of the solution. He did not succeed 
in establishing the process on a commercial basis. 
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Probably the most ambitious unsuccessful attempt to 
produce electrolytic zinc commercially was made by 
Ashcroft at Cockle Creek, near Newcastle, in New South 
Wales, in 1897, following upon experiments carried out by 
him in Broken Hill and in England. It is said that 
£250,000 was spent on this venture. His original intention 
was to electrolise zinc chloride solutions, and, in fact, his 
plant was designed for and operated with such solution for 
most of its life, but for some weeks the electrolyte was zinc 
sulphate. He used diaphragm cells fitted with iron or 
zinc cathodes and lead and carbon anodes. 

Ashcroft recognised that copper, iron, arsenic, antimony, 
etc., were harmful, and he also states that he had consider- 
able trouble with manganese. However, subsequent work 
with Broken Hill ores has shown that Ashcroft’s troubles 
were due mainly to cobalt, which he unknowingly precipi- 
tated when removing manganese from solution. 

Early in the twentieth century, Englehart, Huth and 
Laszczynski, of the Siemens Halske organisation, made no- 
table advances in the subject, particularly in respect of 
purification of solutions. They recognised that it was neces- 
sary to convert iron to the ferric state before it could be 
satisfactorily precipitated, and, in fact, patented a process, 
involving the use of manganese dioxide for this purpose. 
Lime or zinc oxide was then added for i)recipitating the 
iron and with it certain other impurities, particularly 
arsenic and antimony, together with silicic acid. The staff 
of this organisation also proposed the use of moulded 
manganese dioxide anodes, but this type of anode has not 
been adopted in any commercial plant. 

About 1910 the General Electric Company of America 
develo])ed a sulphate process, the original basic feature of 
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which was the maintenance of a neutral electrolyte by 
feeding zinc oxide directly to the cells. Under these con- 
ditions the zinc deposit was spongy. Some years later an 
electrolyte containing free acid was investigated and 
Hansen, of this organisation, collected much instructive 
data respecting roasting, leaching, purification and elec- 
trolysis. 

All this preliminary work — some of it ex])ensive — had 
failed to establish the process on a commercial scale, but it 
had served a very definite and useful pur})ose by indicating 
some of the pitfalls and had shown that tlie removal of 
certain impurities froifi the solution was ess(*ntia] for suc- 
cesi’ul electrolysis, it is perhai)^ unlortunate that there 
was a mistaken idea that the electrolytic zinc process could 
only be justified for the treatment of tliosc complex ores 
which could not be (‘coiiomically treated by the older 
distillation process. These ores contained many interfering 
substances (some of which consumed acid), and others were 
very definitely toxic, in that their presence in tlu^ electro- 
lyte, in many cases even in minute (piantities, pr(‘vented 
the satisfactor> deposition of zinc. Most of the ores also 
contained excessive silicious material which formed soluble 
silicates during roasting. 

The successful commercial production of eletrolytic zinc 
Avas established with the completion of the plants erected 
in 1915 at Great Falls, Montana, U.S.A., by the Anaconda 
Copper Company, and simultaneously at Trail, British 
Columbia, Canada, by the Consolidated Mining & Smelting 
Company. These plants were erected primarily to satisfy 
the urgent demand for pure zinc for use in the manufac- 
ture of high grade brass, etc., required for munitions. 
Their construction followed an extensive series of investi- 
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gat ions, not only connected with the process reactions, but 
concerning the equally important development of the most 
suitable equipment, and it is to the credit of the organisa- 
tions responsible that the modern equipment, and, in 
essentials, the process, is but little changed from the plants 
erected in 1915 and the practice followed there. The 
Taint on process, referred to later, is an exception to this 
generalisation. 

Interest in the process was rekindled in Australia in 
1916, when attempts were made to treat Broken Hill con- 
centrates at Bully Hill, California, and at Broken Hill. 
Preliminary work showed that electrolytic zinc could be 
satisfactorily produced, but only after the recognition that 
cobalt was present in the Bi’oken Hill concentrates and 
that it was a toxic impurity. In 1917, the first small scale 
plant was erected at Risdon, producing a few pounds of 
zinc per day ; this was followed by a somewhat bigger plant,, 
and this again by another which had an ultimate output 
of 25 tons per day. The latter plant was used for provid- 
ing data on wliich to design the present plant which has 
an outi)ut of approximately 150 tons slab zinc per day. 

Since 1917, many refinements have been introduced at 
all the plants, but the main principles of the process remain 
unaltered. There have certainly been many changes in 
practice wliich have enabled the recovery of zinc to be 
increased and/or costs to be reduced. This is the natural 
result of continued extensive research, both pure and ap- 
plied, and to-day electrolytic zinc containing more than 
99.9% zinc can be produced as cheaply as, if not more 
cheaply than, retort spelter of considerably lower grade 
produced by the old-established method of distillation from 
a mixture of zinc oxide bearing material and carbon. 
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Outline of Present Practice. 

The three major objectives of the electrolytic zinc metal- 
lurgist are: — 

(a) Recovery of the maximum amount of zinc as zinc 
^’iilpliate in solution from a given raw material ; 

(b) R(unoval of dissoh’od impurities to the required 
degree as cheaply as possible and with the minimum 
Joss of zinc; and 

(c) The deposition of zinc of maximum purity and satis- 
factory physical condition from the purified solu- 
tion with the minimum power consumption. 

Tliese objectives arc all inter-related, and to attain them 
the various operations, comprising the electrolytic zinc 
p^oce^s in toto, have necessarily to be carried out under 
carefully controlled conditions. 

The process is a cyclic one and the sequence of steps is : — 

(1) Roasting the raw zinc sulphide material under such 
conditions that the zinc sulphide is converted to 
zinc oxide and a controlled amount of zinc sulphate. 

(2) Leaching or dissolving the zinc oxide from the cal- 
cines produced in step (1), using spent electrolyte 
produced in step (4). 

(3) Purification, or removal of those impurities which 
either interfere with the electrodeposition of zinc or 
contaminate the deposit. 

(4) Electrolysis of the purified solution whereby it is 
depleted of portion of its zinc with the regeneration 
of equivalent sulphuric acid for re-use in the leach- 

•ing step. 

(5) Melting the cathode zinc produced in step (4) and 
casting the molten metal into ingots for sale, and 
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(6) Treatment of these residues or precipitates which 
contain substances haviii" some value. 

Nature of Zinc Bearing Material Treated. 

Most of the raw material is obtained from mixed lead- 
zinc ores, which are treated by the flotation process for 
the production of lead and zinc concentrates. The former 
contains the bulk of the lead sulphide and the latter con- 
sists mainly of zinc sulphide contaminated with iron and 
other sulphides. The iron may be present as })yrrliotite 
or pyrite. Sometimes the former is free; sometimes it is 
in solid solution in the zinc sulphide mineral. 

In addition, practically every zinc concentratt‘ contains 
some siliceous jiranj^ue and traces of other impurities which, 
whilst small in amount, have a significant effect on the 
subsequent treatment of the concentrates and/or products 
obtained therefrom. 

The zinc concentrates sup])Jied to electrolytic zinc extrac- 
tion plants contain 45-60% zinc, 4-12% iron and some lead 
and silver — all as sulphides. 

Impure zinc oxide produced from lead blast furnace slag 
is also used at two plants. 

Roasting. 

The primary object of roasting is to convert the various 
sulphides to oxides. When a mixture of the sulphides of 
zinc and iron is heated under oxidising conditions such as 
apply during commercial roasting, some of the iron oxide 
combines with zinc oxide to produce zinc ferrite 
{ZnO.PcoOa). As this substance is relatively insoluble in 
dilute sulphuric acid, any zinc oxide so fixed is not re- 
covered during leaching. The amount of ferrite formed 
depends on the grain size of the iron oxide and zinc* oxide 
and also upon the temperature at which the two oxides are 
in contact. 
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When the zinc mineral contains iron sulphide in solid 
solution the two oxides are formed in molecular contact, 
and under these conditions the whole of the iron oxide 
will combine witli equivalent zinc oxide irrespective of 
roasting^ teini)erature. On the other hand, where the zinc 
sulphide and iron sulphide are in separate minerals, com- 
bination between the oxides can be minimised by controlling 
roasting temperature; for example, if a mixture of zinc 
oxide and ferric oxide in the ratio of 2 ZnO to 1 FcjOj be 
heated at 700° C for 4 hours, 36% of the iron oxide is 
converted to ferrite. At 1000° the conversion is 87% 
in the same ])eriod.^«^> 

Practically all the iron sulphide in the Broken Hill zinc 
concentrates is in solid solution in the zinc mineral, and 
consequently temperature control during roasting is not 
important, excepting in-so-far as it affects tlie output of 
any given furnace. The other notable Australian zinc- 
bearing ore — tlie Rosebery-Hercules ore of Western Tas- 
mania — contains a small amount of iron in the zinc mineral 
and, in addition, much free pyrite, some of which is re- 
covered in and contaminates the zinc concentratis In this 
case roasting temperatur(‘s therefore affect the amount of 
zinc ferrite formed. 

The silica contained in zinc concentrates is important 
because some of it always combines with tlie oxides of 
zinc and lead during roasting, and the amount increases 
with increasing temperature. The resulting silicates are 
soluble dufing leaching. 

The figures of Table 1 represent the effect of roasting 
temperature on the solubility of the various impurities in 
-dilute sulphuric acid. The amount of each impurity is 
relajive to 100 grams of zinc. 
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Table I. 

Relationship between Roasting Temperatures and Solubility^ 
of various impurifies in Calcines produced from Broken. 
Hill concentrates containing 49% Zinc. 


Roasting Temperature. 

700^C. 

800®C. 

900*^0. 

Zinc dissolved, 

Grams . . 

100 

100 

100 

Mn 

ff 

tt • • 

0.90 

1.10 

1.58 

Total Fe 

ii 

it • • 

0.70 

0.65 

0.71 

Fe (ous) 

f> 

it • • 

None 

None 

None 

SiO. 

tt 

it 

1.29 

2.97 

3.85 

Cu 

ti 

»» 

0.38 

0.25 

0.26 

Cd 

it 

it 

0.45 

0.40 

0.26 

Ag 

a 

mgs. . . 

30 

66 

75 

Sb 

tt 

it 

3.2 

1.4 

0.9 

Co 

it 

tt • • 

12.9 

12.9 

13.3 

Cl 

it 

tt • • 

Trace 

Trace 

Trace 


With increasing temperature the amounts of soluble 
manganese and silver increase, but less copper, cadmiunt 
and antimony dissolve. 

As the result of improvement in metallurgical practice 
in Broken Hill, the zinc concentrates now produced there 
contain 52 i% zinc, less silica and less copper than formerly. 

Boasting is usually carried out in multiple hearth 
furnaces, and at most plants it is done in one operation. 
In Australia roasting is done in two stages. The first 
stage is carried out on the mainland at locations adjacent to 
sui)erphosphate plants. The sulphur is reduced from 30% 
to 6%, of which 1] to 2% is sulphur remaining as sul- 
phates of lead, calcium and zinc. Sulphuric acid is 
produced from the sulphur dioxide contained in the roaster 
gases. Both the chamber and contact methods of making 
sulphuric acid are used. 

The normal annual output of the Australian acid plants 
utilising zinc concentrate gases is equivalent to ^0,000 
tons of 100% acid when on full production. Prom this 
215,000 tons of superphosphate are manufactured. 
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Considerable research was necessary before the manu- 
facture of contact acid from zinc concentrate roaster gas 
became an established i)rocess, because tlie roaster gases 
contain interfering amounts of arsenic and chlorine com- 
pounds in addition to lead sulphate and calcine dust. Some 
of these im])iirities settle in dust chambers, but final puri- 
fication is effected by saturating the gases with water and 
passing them through an electrostatic precipitator. The 
removal of lead sulphate, arsenic and chlorine compounds 
during this treatment is 100^ , 99 Vr and 92% of the respec- 
tive amounts of these impurities entering the electrostatic 
])recipitator. 

The gases are subsequently washt‘d to remove the remain- 
ing chlorine compounds, are dried and are passed through 
a platinum contact mass. This mass has now been in use 
for ovt‘r four years without regeneration. 

The roasted concentrates or pre-roast calcines produced 
at the various mainland roasting plants are forwarded to 
llisdon, and ai-e subjected to the second or re-roasting stage, 
in which sulphide sulphur is reduced from 4^ to , and 
the sulphate sulphur increased to whatever is necessary 
to rei)lenish any mechanical or chemical losses of sulphuric 
acid or zinc sulphate during leaching. This at Risdon is 
equivalent to 3% .sulphate sulphur in the calcines leached. 

Another important function of the re-roasting operation 
is the elimination of chlorides which contaminate the partly 
roasted calcines. These are introduced at the various roast- 
ing plants in the water used for wetting these calcines to 
minimise dusting during shipment to Risdon. 

Chrome steel has replaced the cast iron and cast steel 
previously used for roasting furnace . rabble arms. The 
Australian furnaces used in the first stage have been fitted 
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since 1920 M^th rabbles of alloy steel containing 27% 
chromium. This steel will withstand a temperature of 
■ 900 ® C continuously for 12 months or more without serious 
oxidation or failure from other causes. Other alloys con- 
taining chromium, nickel and tungsten or silicon are 
4 jiving encouraging results at Ilisdon. 

Leach in (j. 

The si)ent electrolyte returned to the leaching plant from 
the electrolytic cells is of varying sulphuric acid concen- 
tration. The concentration is fairly regular from day to 
day at any one plant. Only portion of the zinc is removed 
during electrolysis; therefore all these solutions contain 
zinc sulphate. 

Three distinct methods of leaching are practised at 
various jdants. These are: — 

( 1 ) Batch leaching, where the roasted zinc concentrate, 
usually referred to as calcines, is added to a given 
volume of leach solution. It is usual to add the 
calcines in more than one stage and to continue this 
addition until the acidity of the solution has been 
]-(*duced to a predetermined figure. The solution 
obtained is subsequently treated for the removal of 
iron, arsenic, antimony and silver, which is referred 
to later. 

(2) TAvo-stage continuous counter-current leaching, the 
eciuipment for which consists of two series of leach- 
ing vessels, four or more in each series, together 
with settling or thickening equipment. Partially 
leached calcines and spent electrolyte are fed con- 
tinuously into the first vessel of one or “acid ^'series. 
During its passage through the aeries the zinc oxide 
is completely dissolved. The mixture overflows the 



ELECTROLYSIS OF ZINC SULPHATE SOLUTIONS MIS 

last vessel of the series and is settled and filtered. 
The residues are discarded. The solution which 
still contains acid is mixed with new calcines and 
fed through the second or ‘‘neutraP’ series of leach- 
ins^ vessels in which the acid is completely 
neutralised, but only portion of the zinc oxide is 
dissolved from the new calcines. There thus remains 
free zinc oxide, some of which reacts with and pre- 
cipitates the iron, arsenic, antimony, silica and some 
of tlie coi)per which had dissolved during? the other 
leaching stapre. The mixture is settled and the 
solution overflowing: the settlers or thickeners is 
sent forward to the purification section. The settled 
solids are mixed with spent electrolyte and the mix- 
ture is sent on to the first leaching stage. 

At some plants the spent electrolyte is divided 
over both stages, but in all cases tlie solution over- 
flowing the ‘^acid’^ leaching series contains free acid 
and the overflow from the ^‘neutraP^ series is 
neutral or basic. 

(3) For this method of leaching the calcine is separated 
into two products — a magnetic portion, which con- 
tains the bulk of the zinc ferrite, and the non- 
magnetic portion, which is said to contain the free 
zinc oxide and any gangue material. As ferrite is 
soluble in sulphuric acid of moderate strength at 
relatively high temperatures, the magnetic portion 
is first leached with the spent electrolyte, and after 
most of the ferrite is dissolved, the non-magnetic 
portion is added to the partially neutralised solution 
jvhich, incidentally, contains ferric sulphate equiva- 
lent to the zinc ferrite dissolved. The iron is pre- 
cipitated as basic sulphate along with silica, and 
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these remain with the insoluble portion of the 
residues after settlement and filtration. 

This method, (3), which can be operated either con- 
tinuously or intermittently, is usually only applied where 
high acid spent electrolyte is available. Filtration which 
is difficult enouf?h with a saturated solution of zinc sul- 
phate is made more difficult by the presence of much basic 
aulphate of iron. The method was developed in conjunction 
with the Tainton process which operates under high acid 
•electrolysis conditions. 

The batch method (1) was the procedure originally 
followed at the Trail and Anaconda plants, and, after 
leaching, a small amount of lime or limestone was added to 
the mixture of residue and solution to preei])itate iron, 
silica, arsenic and antimony. Since 1920, however, the 
second method has been applied at these plants and it has 
become the general j)ractice at most of the more recent 
plants. 

The advantages of the second method are : — 

(a) The solution, immediately prior to leaving the leach- 
ing circuit, is in contact with zinc oxide, thus 
ensuring nearly complete precipitation of iron, 
arsenic and antimony, and 

(b) The residues are discarded from an acid pulp; the 
maximum amount of zinc oxide is thus recovered. 

Its disadvantages are: — 

(c) The residues are thickened twice, and 

<d) The discarded residue contains the precipitated 
silicic acid and basic iron salts which make filtration 
difficult. 
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A modification of the batch leaching as described under 
(1) is used at Risdon and leaching is continued until the 
acidity is reduced to two grams sulphuric acid per litre. 
When separated from the solution, the residues, whicli are 
practically free from precipitated iron or silica, are in a 
satisfactory i)hysiea] condition for subsequent treatment 
for recovery of lead and silver. 

The residues from the leaching stage contain zinc ferrite 
and zinc sulphide which was not oxidised during the 
roasting of the zinc concentrates, and some undissolved zinc 
oxide, together with insoluble gangue material. The zinc 
sulphide and zinc oxide are contained in the coarser par- 
ticles, and at Risdon this coarse material is separated from 
the finer residues and is subjected to further treatment 
which comprises, firstly, fine grinding and leaching witli 
spent electrolyte, and, secondly, treatment in flotation 
machines for the recovery of the zinc sulphide as a con- 
centrate which is roasted and leached. The residues from 
the flotation machine join the fine residues from the major 
leaching operation and the mixture is settled in thickeners. 
The settled solids are then filtered. 

The filtered residue contains most of the lead and silver 
originally in the concentrates and is shipped to Port Pirie 
for treatment. 

Purification of the Solution. 

Removal of Iron, Silica, Arsenic and Antimony., The 
zinc sulphate solution obtained by applying the two-stage 
continuous counter-current leaching method (2) is prac- 
tically free from iron, arsenic and antimony, and the silica 
which dissolved has been precipitated. These impurities 
have been discarded in the leach residues. The solution 
still contains copper, cadmium and manganese, and in some 
cases cobalt. On the other hand, the solution obtained at 
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Risdon by the single stage batch process contains all the 
impurities dissolved during leaching in addition to 2 grams 
free sulpliuric acid per litre. Neutralisation of the acid 
and precipitation of the iron, silica, antimony and arsenic 
is eflPected by treatment with finely ground limestone and 
the precii)itate — which is composed mainly of gypsum, 
basic ferric sulphate and hydrated silica — is coagulated by 
prolonged agitation. For rapid filtration it is essential that 
there be sufficient gypsum crystals in the precipitate to 
provide a support for the gelatinous iron and silica pre- 
cipitates. The presence of ferric iron is necessary for the 
removal of arsenic and antimony. 

The modus operand! at Risdon is the result of consider- 
able investigation and, so far as the author knows, it is the 
only plant where this procedure is followed. The precipi- 
tate contains a small amount of coagulated silver chloride, 
which is removed by washing the filtered precipitate with 
sodium thiosulphate. The wash water goes forward with 
the main solution. 

With any method of leaching it is necessary to convert 
any dissolved ferrous sulphate to the ferric condition. 
Agitation with air during leaching usually does this but it 
is necessary to add manganese dioxide when much ferrous 
iron is present. 

The recovery of zinc from the calcines is determined 
largely by the thoroughness with which the residues and, 
at Risdon, the limestone precipitate, are washed. Because 
of the cyclic nature of the process, the permissible amount 
of wash water is definitely limited to the amount of the 
solution discarded with the residues and the water lost by 
evaporation, due to circulation of the solution. Water was 
originally added to the calcines at Risdon to minimise 
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dusting during tlie handling of this material between the 
reroasting furnaces and the leaching section. In recent 
yearSf however, zinc sulphate circuit solution has been sub- 
stituted, and thus no new water goes into the circuit at any 
point othei* tliaii as wash water through the residues or 
limestone and other precipitates. 

The circuit solution is cooled at Itisdon by running 
it down towers under conditions whereby cooling of the 
solution is brought about by evaporation of water. Water 
equivalent to tliat evaporated is available for use as wash 
water. 

Removal of Copper and Cadmium. The next stage in the 
preparation of the solution is tlie removal of co2')]>er and 
<jadmium. Hydrogen sulphide and various sulphides have 
from time to time been proposed for this puriiose, but 
zinc dust is in universal use. Nearly com])lete removal of 
•copper can be effected by agitating the solution with 
^equivalent zinc dust, but the precijiitation of cadmium 
requires excess over tliat theoretically necessary. Most of 
the antimony and arsenic which has escaped precipitation 
during the preceding step is removed with the copjier and 
cadmium. 

In the original Anaconda plant, the mixture of zinc dust 
and solution was agitated by using comi^ressed air, and this 
practice was followed until recent years. The trend at 
Hisdon has been to take extreme precautions against intro- 
ducing air into the purification tanks; in fact, the 
purification section was remodelled some time ago in order 
to prevent ingress of air through the glands of the pumps 
handling the mixture of precipitated copper and cadmium 
and solution between the tanks and the filter presses. 

The solutions at Risdon prior to zinc dust purification 
contain approximately 250 mgs. of cadmium and 200 mgs. 

13-Sept<>inbe^24. 19SI. 
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of copper per litre, but the amounts var^ over a fairly 
wide ranjre from day to day. Tit order therefore to confine 
the consumption of zinc dust within the lowest possible 
limit, it is an advantage to know the actual concentration of 
copper and cadmium in the solution going to the purifica* 
tion tanks. Within the last year a method has been devel- 
oped at liisdon for the quick electrolytic estimation of 
copper and cadmium, using a mercury cathode. Analyses 
obtained in this way are used as the basis for calculating 
the amount of zinc dust to be added. 

At the present time the precipitation of the two impuri- 
ties is done in batches. An ingenious continuous process 
has been developed, but for economic reasons it has not 
been adopted. 

At most of the electrolytic zinc plants, the solution is 
suitable for electrolysis after treatment with zinc dust. It 
is true that many of the zinc concentrates treated in these 
plants contain some cobalt, but usually in insufficient 
amounts to cause trouble during electrolysis. It accumu- 
lates in the circuit solutions until the concentration is such 
that tlie amount of solution discarded! from the plant in 
the various residues contains as much cobalt as is intro- 
duced each cycle. For example, if one-tenth of a milligrami 
of cobalt per litre were introduced during each leaching 
cycle, and if 1^/ of the circuit solution were discarded as. 
indicated, the amount of cobalt discarded would be equiva- 
lent to the amount introduced when the concentration in 
the circuit solution reached approximately 10 mgs. per 
litre. 

Jif moral of Cohalt . — At Risdon appreciable amounts of 
cobalt dissolve from the Broken Hill concentrates,, 
and tlie amount dissolved in each cycle must be re- 
moved. Because of this tlie Risdon x^ctiee from this stage 
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onwards differs from most of the other plants. Zinc dust 
will precipitate cobalt from a water solution of its sulphate, 
but has very little effect in the presence of a large amount 
of zinc sulphate; consequently, the removal of cobalt 
during zinc dust treatment is negligible. 

Many reagents oxidise cobalt if manganese is also 
present, and in this condition it is easily precipitated. 
The permanganates, lead peroxide and calcium plumbate, 
have been used for this purpose. With solutions contain- 
ing much manganese, as is the case at Risdon, the cost of 
these reagents is excessive because it is necessary to oxidise 
all the manganese before the cobalt can be precipitated. 
Methods based on the use of the reagents mentioned liave 
been investigated at Risdon, but only two methods which 
are of a different type have been used on a plant scale. 
These are: — 

(!) The so-called ‘‘arsenic purification^’ method, in 
which cobalt is co-precipitated with arsenic and 
copper by the addition of zinc dust. In practice, 
sodium arsenite and copper sulphate are added to 
the solution, which is lieated and then treated with 
zinc dust. The cobalt, arsenic and copper are 
precipitated together. It is an expensive method, 
because zinc dust consumption is high and it is 
necessary to heat the solution. 

(2) The precipitation of cobalt by nitroso beta naph- 
thol from the cold copper and cadmium-free solu- 
tion. This was suggested in 1917, but has only 
been applied regularly on a commercial basis 
during recent years. In practice the calculated 
• amount of sodium beta naphtholate is added to 
the solution, then sufficient sodium nitrite and 
, finally sulphuric acid to form the nitroso salt in 
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the solution. The cobalt is precipitated as the 
characteristic red cobalt-nitroso beta naphtliolate, 
and the mixture of the precipitate and solution is 
neutralised with sodium carbonate. About 9J lbs. 
of beta naphthol and equivalent sodium nitrite 
are required for precipitating 1 lb. of cobalt. 

The latter method has entirely superseded the ‘‘arsenic 
purification’’ process, and is one of the major developments 
which has rendered possible the change in electrolytic pro- 
eedure which is referred to later. 

The cobalt in the solution feeding the electrolytic cells 
at Kisdon is maintained at about 10 mgs./litre. The spent 
electrolyte contains a similar amount. Approximately 10 
mgs. are introduced into the solution, each leaching cycle, 
and thus the solution after leaching contains 20 mgs./liti'e. 
It is therefore necessary to remove cobalt from 50% of 
the solution, each cycle to maintain the required concen- 
tration in the feed to the cells. About 60Ibs. of cobalt are 
removed from the solution daily. Until two years ago the 
Risdon electrolyte contained 70-80 mgs. cobalt ])er litre, 
and the removal of cobalt from a much smaller volume of 
the solution was sufficient to maintain the cobalt concen- 
tration constant. 

Removal of Chlorides , — The other purification stage con- 
eerns the removal of chlorides. The electrolyte is main- 
tained at about 75 mgs. chlorine as chlorides per litre, and 
it is necessary to purify sufficient solution to take care of 
any chlorides introduced during leaching. The precipi- 
tation is effected by silver .sulphate; the silver chloride 
produced is separated by filtration and is reconverted to 
silver sulphate by treatment with zinc dust and heating 
with sulphuric acid, when hydrochloric acid is volatilised 
to waste. 
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Those portions of the solution treated for removal of 
cobalt and/or chlorine join the main copper and cadmium- 
free solution. The combined solution after addition of glue 
is in suitable condition for electrolysis. 

At liisdon the dailj" volumes of solution treated in leach- 
ing and the various purification stages are : — 

During leaching 600,000 galls. — 16,000 gallon 

batches. 

For removal of Iron, Arsenic, 
etc 600,000 galls. — continuously. 

For removal of Copper and 600,000 galls. — 14,000 gallon 
Cadmium batches. 

For removal of Cobalt 300,000 galls. — 14,000 gallon 

batches. 

Portion of the solution is treated intermittently as required 
for removal of chlorine. 

In some stages the circuit solution is very corrosive, as it 
contains ferric and copper sulphate and free acid. There 
have been many corrosion problems in connection with 
pumps, filters, launders and tanks. It has been found that 
celery top pine grown in Tasmania resists the action of 
acid zinc sulphate solution better than does any other 
timber yet experimented with at Risdon. Acid-resisting 
bronze and Staybrite are used for some metal parts, but 
wherever i)ossible the flow sheet of the plant is arranged 
so that corrosive solution flows by gravity through lead 
pipes. 

Over 100 tons of leach residues and 30 tons of limestone 
precipitate are filtered from the solution each day. Fil- 
tration problems arise and they are investigated, with the 
result that the filtration technique has gradually improved 
over a period of years. 

The partial analysis of the solution after purification is 
given in Table 11. 
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TABLE II. 

Analysis of Risdon Cell Feed Solution, 


Zinc 

= 

114.9 g/1 

Total Nitrogen 


245 mgs/ 

Manganese 

= 

18.1 „ 

Ammonia 




Magnesium 

=r 

1.75 

Nitrogen 

= 

215 


Sodium 

= 

9.16 „ 

Nitrite „ 

= 

9 


Potassium 


1.71 „ 

Calcium . . . . 

zz 

440 

»» 

Sulphate (SO 4 ) 

= 

222.22 „ 

Phosphate (PO4) 

zz 

2.1 


Cobalt 

= 

10.0 mgs/1 Aluminium . . 

= 

0.5 

tt 

Copper 

= 

0.6 „ 

Lead 

= 

0.025 

»> 

Cadmium . . . . 

= 

6.4 „ 

Bismuth . . . . 

= 

Nil 


Silica 

= 

80.0 „ 

Nickel 


Nil 


Chlorine . . . . 

= 

76.0 „ 

Selenium . . . . 

= 

Nil 


Iron 


1.65 

Tellurium . . . . 


Nil 


Arsenic . . . . 

= 

A 

p 

Tin 

= 

Nil 


Antimony . . . . 

zz 

0.11 „ 

Glue 


27 mes/l 


The Specific Gravity is 1.334. 


The solution is ana ysed daily for zinc, cobalt, antimony, 
copper, cadmium and chlorides. Uigid control during 
purification and accurate analysis enable the concentration 
of impurities in the cell feed solution to be maintained 
within very narrow limits. 

Electrodeposition. 

All zinc sulphate solutions are electrolysed under the 
general conditions of the two following processes : — 

(1) The so-called low acid, low current density process 
where the feed solution contains 100 to 150 grams 
of zinc per litre. The sulphuric acid concentra- 
tion during electrolysis is 90 to 140 grams per 
litre, and the current density varies between 25 
and 45 amperes per square foot at various plants. 
The zinc and acid concentration and current den- 
sity are maintained at fairly constant figures at 
any one plant. 

(2) The Tainton high acid, high current density pro- 
cess operating with feed solution containing 215 
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. grms./litre zine. The acidity of electrolyte is 
maintained at 280 grms./litre sulphuric acid, and 
the current density is 100 amperes per square foot. 

The end products of electrolysis are zinc, sulphuric acid 
equivalent to the zinc, manganese dioxide, oxygen and 
some hydrogen. Portion of the hydrogen is ])rodueed by 
the direct electrolysis of water, but some results from the 
re-solution of zinc already deposited. 

The so-called low acid, low current density process is 
applied at Anaconda, Trail, Ilisdou and other plants, and 
in fact, about 95% of the world’s output of electrolytic 
zinc is produced by this iirocess. Certain advantages have 
been claimed for the Tain ton high acid process, principally 
in connection with the cai)ital cost of plant because of the 
smaller volume of solution to be treated for a given outpu^t 
of zinc, and because of the heavier deposit of zinc per unit 
of cathode area. Another claim is that the high current 
density counteracts the effect of impurities in the electro- 
lyte. Actually, there is little, if any, saving in capital costs 
after providing the more elaborate plant necessary to ti*eat 
a hot, practically saturated, solution of zinc sulphate and 
to withstand the more corrosive high acid solution. Fur- 
thermore, electrolysis is conducted at a very high acidity 
in order to keep power consumption within reasonable 
limits, and thus most of the benefit expected from using 
a high current density is not realised in practice. 

In the plants using the low acid, low current density 
process the cells are rectangular boxes constructed either 
of timber, lead lined, or of concrete, lined with a mixture 
of sulphur and sand. They are in series, usually six in 
numbey, and are so arranged that the spent electrolyte 
overflows the first cell of the .series into the second and so 
on through the whole series. 
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The cathode.s at all plants are aluminium sheets, -Jin, 
to -fVn. thick, from 2ft. to 3ft. long by 2£t. wide. The 
sheet aluminium is riveted to a copper head-bar which 
rests on the busbar. The anodes are cast lead, -Afin. or 
more thick, and arc usually somewhat smaller than the 
cathode in area. Each anode is cast around a copper head- 
bar, Avhicli rests on the ai)propriate busbar. The anodes 
quickly become coated with lead peroxide or manganese 
dioxide or a mixture of the two, and these oxides form the 
actual anode surface. 

The number of cathodes in each cell varies at different 
plants. They are connected in i)arallel to the cathode 
busbar, and the anodes are hung between cathodes and are 
also connected in parallel to their busbar. The space 
between the surfaces of the cathode and anode varies from 
IJin. to 2 Jin. at different plants. 

The neutral purified solution is usually fed in parallel 
and in equal amounts to all the cells in one series, or else 
to all cells excepting the last in the series. Thus the acidity 
in each of the cells to which feed solution is added is 
identical. 

There are 504 cells at Risdon arranged in three large 
units of 144 cells each and 1 small unit. Each cell con- 
tains 33 cathodes and 34 anodes. The submerged area of 
both sides of each cathode is 13.0 sq. ft. and the cor- 
responding area of the anode is 11.15 sq. ft. There are ap- 
proximately 36,000 cathodes in constant use with an ag- 
gregate area of more than 200,000 sq. ft. 

The electrical circuit in each 144 cell unit is approxi- 
mately 12,000 amperes at 520 volts, which is equivalent to 
3.61 volts per cell. 

Each cell is provided with cooling coils, through which 
cooled water is circulated in amount suflSeient to maintain 
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the temperature of the electrolyte within the prescribed 
limits. 

Diaphragms are not used in any modern zinc cell. 

The objective during electrolysis is tlie maximum eco^ 
nomic yield of zinc from the available power. It is possible 
by costly purification and extra eeJ 1-room su])er vision 
coupled with the removal of the deposited zinc at more 
frec|uent intervals to appreciably increase the yield per 
unit of ])ower beyond that attained in practice, but the 
elect! olytic zinc industry is like every other industry in 
that any increase in technical efficiency must always be 
com])ared with the cost of obtaining it. 

Til the literature concerning zinc eh‘Ctrolysis, frequent 
reference is made to Current Efficiency/^ ^‘Cell Voltage 
or “EM.F.” and ‘‘Yield of Zinc per Fiiit Power.’’ A 
definition of each of these terms follows: — 

Ciirrcnl or Ampere Efficiency is the yield of cathode 
zinc expressed as a percentage of that theoretically pos- 
sible trom the current employed in the cell. The theoretical 
yield is T.2P) grms. of zinc per ampere hour. 

The Cell Voltage or EM.F, is the drop in potential 
across the cell between the terminals of the anode and the 
cathode, and is the sum of the anode potential, cathode 
potential and the volt drop due to the resistance of the 
electrolyte. The anode potential may be defined as the 
difference in potential between the anode and the solution 
immediately in contact with the anode. The cathode 
potential may be similarly defined as the difference in 
potential between the cathode and the solution in contact 
therewith. It is obvious that with a given current efficiency^ 
the energy consumption in the cell is directly proportional 
to tlie cell voltage. 
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The Yield of Zinc per H.P. Day or Kw, Hour^ i> T. is a 
function of the current efficiency and cell voltage. 

The current efficieney is used as a measure of tlie electro- 
lytic efficiency from day to day with an electrolyte of a 
given comj)osition and system of electrolysis, and ranges 
between 90% and 98% at various plants. It varies with 
minor fluctuations in the purity of the solution, and gener- 
ally it can be stated that it is a measure of the efficiency 
of the purification stage of the process and also of ihe care 
with which electrolysis is conducted. 

Cell voltage, on the other hand, which should be nearly 
constant from day to day in any given plant, varies be- 
tween different plants. 

The inter-relation between current efficiency, cell voltage 
Rnd yield of zinc at varying acidity is expressed in Figure 
I, in which is correlated the data obtained from the 
laboratory electrolysis of a highly purified solution 
originally containing 139 grams of zinc per litre. The 
solution used was the purest it has been possible to 
prepare at llisdon from the purest available materials. 
It was electrolysed at the temperature and electrode 
spacing mentioned. It is not directly comparable with 
the figures obtained on a Works scale, but any 
plant solution can be examined in much the same way 
as the pure solution referred to in the curves, if due allow- 
ance is made for deposition time. With i)ure solutions 
the time effect is not nearly so marked as when impurities 
are present. 

The variables whicli affect current efficiency or cell volt- 
age or both, and which therefore must be consideii^pd in 
determining the optimum conditions for the electrolysis of 
any given solution are : — 
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(1) Current Density, , This has little effect on current 
efficiency unless toxic impurities are present, but 
the cell voltaf?e increases with increasing current 
density. It is obvious that whilst a decrease in cell 
voltage is desirable, a decrease in current efficiency 
is not. 

(2) Anility. An increase in acidity generally reduces 
cell voltage, but adversely affects current efficiency. 
Tile ojitimum acidity varies according to the amount 
and nature of the impurities in the solution. 

(3) Zinc Concentration. This is usually increased Tvhen 
operating with higher acid because C.E. increases 
witli an increase in the ZnS 04 /HjS 04 ratio. 

(4) Anode Material. Although lead is used as the 
original anode, the actual anode surface is usually 
a mixture of the peroxides of lead and manganese. 
The presence of certain other oxides derived from 
impurities in the electrolyte sometimes affects the 
anode potential and therefore the overall cell voltage. 

(5) Temperature. Cell voltage and current efficiency 
both decrease with increasing temperatures with 
most plant solutions. 

(6) Length of Deposition Period. Overall current 
efficiency decreases rapidly with time once cathode 
corrosion has started. 

(7) (Spacing between Electrodes. The smaller the gap 
the lower the cell voltage. This benefit is to some 
extent offset by the greater danger of shorting and 
consequent reduction in current efficiency. 

(8) Addition Agents. Substances, such as glue, silicic 
acid, various gums, etc., are usually added to 
counteract the effect of impurities. 
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{9) Impurities in the Electrolyte, either dissolved or 
suspended. 

The conditions under whicli electrolysis is carried 
out arc governed largely by the nature and amount 
of impurities present in the solution after standard 
purification; the effect on labour costs, and on the 
life of the lead and aluminium electrodes. 

The more important data respecting llie electro- 
lytic practice at Anaconda, Trail and Kisdon are : — 
Anaconda Trail Risdon 

Zinc concentration of feed Present 2 yrs. ago 

solution gm/1 110 150 115 113 

Acid in Cell Discharge 

gm/1 H.SO4 105 135 90 65 

Current Density 

amp/sq. ft. Cathode .... 30 20-45 27.5 28 

Temperature of electrolyte 

"C 35-46 30-40 34-37 34-37 

Deposition period, hours . . 24 24 72 72 

The change from 65 to 90 grams acid at Risdon has 
appreciably increased power efficiency and Avas made pos- 
sible by the substitution of the “beta naphtlioR’ method 
for the “arsenic method’’ for removing cobalt. It is now 
economically possible to operate with an electrolyte con- 
taining 10 mgs. instead of 70 mgs. cobalt. Before making 
the change, 2 years intensive research on electrolysis was 
necessary and some hundreds of tests were made. 

The most notable difference between practice at the three 
plants mentioned is that of the deposition period, which 
is three times as long at Risdon as at the other plants. 
Despite this, the Risdon current efficiency is between 
91-92%. For some months, when cathodes were stripped 
every, 48 hours, the current efficiency was approximately 
1% higher, and daily stripping gives a still higher figure. 
The advantages of a 72 hour over 24 hour dei)osition period 
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are, firstly, low labour charge per unit weight of zinc pro- 
duced because the cathodes are stripped less often, and, 
secondly, the cathode zinc is three times as thick and thus 
gives a higher yield during melting. The penalties are 
that the yield of zinc per unit power is somewhat lower, 
and greater control is necessary in respect of condition 
of the solution. The balance between the advantages and 
penalties is dependent largely on the selling price of zinc 
and on local conditions. 

With 24 hour deposition, the Risdon cell acidity could, 
if desired, be increased to the Anaconda figure and, with 
increased zinc concentration as well, to that of Trail. 

Effect of Impurities on Electrolysis. 

All commercial zinc sulphate electrolytes contain im- 
purities, some of which are harmless, some are deposited 
with the zinc, and others, even when present in small 
amounts, have a profound effect on electrolysis. The latter 
are usually referred to as toxic impurities, which include 
amongst others antimony, cobalt, arsenic, nickel, copper 
and germanium. 

Some impurities which have no deleterious effect when 
present alone in small amounts sometimes accentuate the 
toxic effect of others. On the other hand, there is very 
definite evidence that one, at least, which is generally recog- 
nised as toxic has a beneficial effect when used in homeo- 
pathic doses under certain conditions. The fact that the 
joint behaviour of two impurities frequently differs greatly 
from that expected from their individual effect, undoubt- 
edly explains why there is so much difference of opinion 
respecting this general question. The effects of the more 
important impurities have been studied, some in great 
detail, but in a lecture of this type, generalizations only 
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can be made, because variations in acidity, etc., have an 
important bearinpr on results, and to properly survey the 
effect of even one impurity would entail a study of a larjre 
amount of elaborate data. 

Of the heavy metals, manganese is by far 
the most common impurity in the electrolyte; indeed, it 
is doubtful whether any electrolyte obtained from flotation 
zinc concentrates is entirely free from it. Tt accumulates 
in the circuit until it reaches the concentration at which 
the rate of deposition as man^ranese dioxide at the anode 
balances the amount of manganese sulphate introduced 
during leaching. The rate of deposition as the dioxide 
varies with the acidity of the electrolyte, the condition of 
the anode surface, the nature of other impurities present 
and the addition agents used. Under present Risdon con- 
ditions the equilibrium manganese concentration is ap- 
proximately 13 grams per litre. 

Manganese has little effect on current efflcieney under 
normal conditions, but it does reduce the conductivity 
of the electrolyte and therefore increases cell voltage. The 
removal of manganese dioxide which precipitates at the 
anodes and collects in the lower part of the cell, entails 
some labour charge. T^nfortunately this product always 
contains lead peroxide and lead sulphate, and thus has 
little commercial value. 

Sodium, Potassium and Manganese Stdvhafes. These 
sulphates are all present in the electrolyte and usually 
have little effect, excepting again on the conductivity of 
the solution. Some zinc concentrates contain so much 
magneipum that it is necessary to discard spent electrolyte • 
to maintain a reasonable magnesium concentration in the- 
circuit. 
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Cadmium. Any Cadmium present in the electrolyte is 
deposited with tlie zinc and reduces its j?rado. Apart from 
this, it has little effect. 

Lead. Lead is i)resent in all cathode zinc and most of it 
•originates from the anode. The condition of the anode 
surface largely determines the amount deposited with the 
zinc, and it may be reduced by using a diaphragm between 
the anode and cathode, which prevents migration of lead. 
This, however, is not practicable. 

Tojcic Impurities and Addition Agents. Before discus- 
sing the effect of toxic impurities, it is necessary to 
comment on the use of addition agents which are used 
•during electrolysis to counteract or control the effect of 
such impurities. Various substances have been suggested, 
including a number of gums and silicic acid, but glue is 
the universal reagent, particularly for electrolytes con- 
taining cobalt, and its use gives most remarkable results. 
Most operators u'^e some glue, but because of the relatively 
large amount of cobalt in Broken Hill concentrates tlie 
^electrolytic procedure at Bisdon has been moulded around 
its use, and it is probably the most important factor con- 
tributing to the successful electrolytic treatment of these 
concentrates. 

The mechanism of the action of glue is as yet somewhat 
•of a mystery. Its effects, however, are most striking. 
Cathode zinc contains nitrogen, whether as glue or one of 
the decomposition products is not known. It has been 
suggested that glue migrates to the cathode and forms a 
film through which zinc ions can pass, but which resists, 
for example, cobalt ions. The alternative suggestion is 
that it forms a complex with cobalt and thus interfer^es with 
its deposition. Whilst little is known of tlie way glue 
functions, we arc grateful for its effect. 
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The most prevalent toxic impurities present in zinc sul- 
phate electrolytes are cobalt and antimony, but there are 
usually also traces of copper and arsenic and sometime.? 
nickel. 

VarioiLS investijrators have attempted to determine the 
offect of both cobalt and antimony, but it is difficult 
to obtain aprreement between the results of the different 
observers, for the reason already stated that traces of 
some impurities have a profound effect on the behaviour of 
others. 

The toxic effect of most impurities which reduce current 
'efficiency, is accentuated by increase in time of deposition, 
concentration of the impurity, temperature of electrolyte, 
acidity of electmlyte and also by decrease in current 
density. 

Cobalt, The toxicity of cobalt was first recop:ni,sed dur- 
ing? the experimental treatment of Broken Hill concentrates 
in 1916, and about that time it was discovered that its ill 
effect could be controlled by addition of gflne. The early 
discovery of the effect of |?lue enabled the Australian in- 
dustry to be established on a commercial footing?, but 
•despite this, the removal of cobalt or its control during 
•electrolysis has continuously occupied the attention of the 
Risdon technical staff. 

Laboratory studies have been made of zinc sulphate 
•solutions containing cobalt as the only impurity, and of the 
Bisdon plant solutions. Figures 2 to 5 show the effect of 
temperature, acidity and current density when electrolysing 
solution (otherwise highly purified) to which various 
Amounts of cobalt have been added. The concentration of 
zinc, acid and cobalt are stated on each graph. They are 
not identical in each case, and the ones used were chosen 
ito emphasize the effect of the variable being investigated. 

(!-S«ptettber 24. 1931. 



M34 


HAKRY HEY. 


Cobalt was the only impurity in the solution other than 
traces of silicic acid. 

Tests with hi^h cobalt Risdon plant circuit showed that 
a solution containing as much as 70 mgs. of cobalt per 
litre, can be electrolysed at 20 grams acid per litre, and 
30 amperes/sq. foot to give a current efficiency of 96% 
during 48 hours deposition without glue. The same solution 
electrolysed at 55 grams per litre, and with the other con- 
ditions unchanged, gave extremely poor cathodes after only 
19 hours deposition. No attempt was made to determine 
current efficiency, as zinc was dissolving from the cathode 
after 12 hours only, and from then onward current 
efficiency was nil or thereabout. A similar test was made 
simultaneously, using glue as an addition agent, and a 
most excellent deposit was obtained. The solution contain- 
ing glue could have been electrolysed for 72 hours with 
good current efficiencies. These two cathodes (a) without 
glue, and (b) with glue (conditions otherwise similar), 
obtained after 19 hours deposition are shown in Figure 6. 
The photograph shows the zinc deposits on the aluminium 
cathodes. 

Cobalt has a beneficial effect on the anode potential, and 
therefore on the cell voltage. With a current density of 
30 amps, the anode potential at a lead anode is lowered 
by 0.15 volts when the electrolyte contains 100 mgs. of 
cobalt per litre. Assuming an overall cell voltage of 3.65, 
the reduction is equivalent to 4%, which has a marked 
beneficial effect on power consumption. Furthermore, the 
presence of cobalt in an electrolyte restrains the migration 
of lead from the anode to the cathode, and therefore im- 
proves the grade of the zinc deposit. 

f 

A considerable amount of data has been accumulated 
in relation to the effect of cobalt. It is, however, a subject 
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which is intensely interesting and will well repay further 
study. 

For some years the Risdon plant operated on a solution 
containing 70 mgs. or more of cobalt per litre, and electro- 
lysis was conducted on a 72 hour deposition period with a 
spent electrolyte containing 65 grams per litre acid, and 
using 5 to 3 lbs. of glue per ton of cathode zinc deposited. 
Two years ago the procedure was modified, and the electro- 
lyte now contains only 10 mgs. of cobalt per litre and 
electrolysis is conducted at 90 grams acid per litre using 
approximately 1 lb. of glue per ton of zinc deposited. 
This change, coupled with a reduction in electrode spacing, 
has enabled the Risdon zinc output to be increased by 
nearly 10% and, in addition, the structure of the cathode 
zinc has improved. It is emphasized, however, that ihe 
optimum amount of glue addition is dependent on the 
composition of the electrolyte, and it by no means follows 
that the conditions found best at Risdon will be applicable 
to every other solution. 

Nickel. Some zinc concentrates contain nickel, which 
dissolves during the leaching of the calcine. It is toxic 
even in the absence of cobalt, but more so if cobalt -be 
present. Up to 25 mgs/litre of nickel can be tolerated 
with little effect on current efficiency, provided cobalt and 
antimony are low and glue is used. With a solution con- 
taining 70 mgs. of cobalt, which, without nickel but with 
glue yields excellent current efficiencies, 5 mgs. of nickel 
will cause a drop in efficiency. The amount of nickel in 
Broken Hill concentrates is insignificant. 

Antimony. This impurity shares with cobalt the respon- 
sibility for the failure of the early efforts to establish the 
electrolytic zinc process on a commercial basis, and even 
since 1914 it has been subjected to considerable verbal 
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and literary abuse, some of which it undoubtedly deserves. 
Under certain conditions, however, it has beneficial proper- 
ties, and for some time antimony 'was deliberately used at 
Risdon as an addition agent to maintain the amount of 
antimony in the electrolyte between 0.2 and 0.3 mgs. per 
litre. 

Zinc deposited from electrolyte containing antimony is 
rough in structure, and the extent of roughness increases 
with increasing antimony content. This roughness is par- 
ticiilarJy in evidence with cobalt-bearing solutions using 
glue a*- an addition agent. Figure 7 illustrates the effect 
of antimony on the structure of cathode zinc. The bulk 
solution used when producing each of these cathodes was 
high cobalt Risdon Works solution, from which antimony^ 
arsenic and copper had been removed, and a pure antimony 
salt then added as required in each case. It contained 
80 mgs. cobalt and lOt) mgs. glue. The deposition period 
was 72 liours at 30 amperes/sq. ft., and the temperature 
was 85"C. 

The overall current efficiency when operating with a 
six-cell series, with 55 grams acid in the first five cells and 
65 in the last, would be approximately; — 

With less than 0.1 mg, antimony 88% to 90% 

With 0.3 mg. antimony .... 93% 

With 0.5 mg. antimony . . . . 94% 

A variation in the nature and amount of the other im- 
purities would naturally affect the electrolytic behaviour 
of the solution. 

A Jiigher antimony concentration reduces current 
efficiency, and with the cobalt and glue concentration 
specified, the optimum amount of antimony is between 
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0.2 and 0.3 mgs/litre, because with higher amounts the 
reduction in melting efficiency offsets the gain in current 
efficiency. 

The relationship between cobalt, antimony and glue is 
obscure, and it is a subject which justifies further investi- 
gation. 

In a solution free from cobalt or containing a small 
amount only, antimony has an effect on the structure of 
the zinc, and it lowers current efficiencies wlien present 
in appreciable amounts. The maximum permissible amount 
varies according to the nature and quantity of other im- 
purities present. 

Arsenic. In solutions practically free from cobalt and 
antimony, arsenic is not very troublesome, but with solu- 
tions containing 70-bJ mgs. of cobalt per litre and some 
antimony, less than 1.0 mgs. per litre arsenic has a 
disastrous effect. 

Figure 8a illustrates the cathode zinc produced from a 
solution tree from cobalt and antimony, but containing 
5 mgs. arsenic/litre. The current efficiency was over 92% 
after 72 hours deposition at 100 grams acid/litre. 

Figure 8b is a photograph of a zinc deposit produced 
from solution containing 70 mgs. cobalt and 1 mg. arsenic 
per litre. The holes are characteristic of arsenic and cobalt 
together. Despite the presence of glue, the current 
efficiency was very low after 72 hours at 65 grams acid. 
The same solution, without arsenic, would have yielded a 
current efficiency of 88% or better. 

In a series of tests using glue and the standard 72-hour 

I 

deposition period with acidity of 55 and 65 grams per 
litre, the following efficiencies were obtained: — 
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No arsenic 90% 

0.25 mgs. per litre arsenic 81% 

0*5 n ,, „ 73% 

1 mg. „ „ „ 66% 


Copper, Copper is easily removed during treatment of 
the solution with zinc dust, and a very small amount only 
is usually present in most commercial electrolytes. With 
70-80 mgs. of cobalt, 0.5 mgs. of copper is harmful under 
isome conditions, particularly witli increasing acidity of 
electrolyte and age of deposit. With 10 mgs. cobalt, iliis 
amount has little or no effect. 

dermanium. Germanium has recently been found in the 
electrolyte in some of the American plants. This impurity 
is normally removed during the co-precipitation of the 
antimony, arsenic and iron. In the absence of sufficient 
iron, removal of germanium is incomplete, and electro- 
lytic troubles arise. According to Tainton, 0.1. mg. per 
litre seriously reduces current efficiency. It is possible 
that antimony has hitherto been blamed for some of the 
electrolytic effects of germanium. 

Other elements have some effect and selenium is notable 
ill that whilst it reduces current efficiency, the zinc pro- 
duced in its presence is bright and silvery in appearance. 

Electrodes. 

) 

The condition of the electrodes is important, and one of 
the major items of expenditure in connection with the 
•electro-deposition of zinc is the cost of replacing anodes and 
•cathodes. 

Anodes, Pure lead is used in most plants for anodes, 
tut lead containing 1% silver, and in some eases a little 
arsenic, is used in the Tainton process. The anode potential 
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^ is lower and the cathode zinc contains less lead when lead- 
silver anodes are used. 

Lead containing various amounts of antimony was used 
in a few cells at liisdon some time ago, primarily as a means 
of maintaining the optimum amount of antimony in the 
electrolyte. The zinc produced in the cells using these 
aiiod(*s was rough in structure, and w’^as characteristic of 
cathodes deposited in the presence of antimony. Despite 
considerable research by the Risdon staff, using various 
alloys containing lead as the major constituent, and also 
with other alloys, no anode material has been developed 
which is superior to lead. 

All lead anodes become distorted during use, and it is 
a routine duty to keep them straight and spaced correctly. 
The attention required increases with age, but apart from 
this there is a relationship between anode age and current 
efficiency, and it is therefore usual to discard anodes before 
tJiey are mechanically unsound. This relationship is pro- 
bably due in some way yet undetermined to intercrystalline 
])enetration by lead peroxide, and possibly other substances. 
The extent of this penetration is probably partly dependent 
on the composition of the electrolyte. 

Hydrochloric acid in solution corrodes the anodes, and it 
is mainly on this account that its concentration is main- 
tained at a low figure. 

Under the old Kisdoii conditions the optimum life of 
anodes is about three years, but the corresponding figure 
witJi the Risdon low cobalt solution has yet to be deter- 
mined. Discarded anodes are re-melted, and the reclaimed 
lead, amounting to 60 to 70% of that originally in the 
anode, is utilised for new anodes. 

Cathodes. Sheet aluminium is universally used as the 
base on which to deposit zinc, although attempts have been 



ELECTROLYSIS OF ZINC SULPHATE SOLUTIONS. M41 

made to use zinc sheets. Aluminium-silicon alloy sheets 
have also been investigated at Risdon. Corrosion of the 
aluminium above the solution line largely determines the 
life of tlie cathode. There is always more or less spray 
immediately above the electrolyte, and some of this con- 
denses on the unsubmerged portion of the cathode. Fur- 
thermore, the solution creeps up the surface, and as the 
cathode is warm, water is evaporated and acidity increases 
with consequent acceleration of the corrosion. At some 
plants tlie elective life of aluminium is little more than 
one year, when the cathodes are discarded and sold as 
scrap. 

An investigation extending over several years has been 
conducted at Risdon to determine the most satisfactory 
way of counteracting corrosion, and for some time it has 
been the practice — 

(1) To use sheets which are thicker in the unsubmerged 
})ortion, and 

( 2 ) To further protect this by coating it with a thin 
dej)osit of zinc to within an inch or so of the head 
bar by simply increasing the solution level above 
normal in a series of cells, in which all the cathodes 
are electroplated with zinc periodically. 

As a result of this strengthening and protection, the 
cathode life at Risdon was 4 years, until the acidity of 
the electrolyte was increased two years ago, since when 
corrosion has been somewhat more marked. There has thus 
been a further incentive to prosecute the investigation 
with renewed vigour, and a large number of varnishes, 
including Bakelite, also rubber and gutta percha, have 
been applied in a number of different ways without a 
great deal of success. Covering with lead has been par- 
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tially successful, but the most satisfactory method is to 
rivet an aluminium strip reclaimed from discarded cathodes 
over the unsubmerjifed portion of the cathodes in use. 
This procedure is still under test, but it ai)pears likely 
that it will become standard practice, and the future life 
of the cathode will i)robabl 5 ^ be determined by the cor- 
rosion of the submerged sheet, ])articularly the edges. 
This is equivalent to a life of approximately 7 years. 

Melting and Casting. 

All cathode zinc contains oxygen, and some zinc 
oxide separates when the cathodes are melted, the amount 
depending on the structure of the deposited zinc and on 
the oxidation of zinc during melting. 

Two products are recovered — molten zinc and dross — 
the latter being a mixture of metallic zinc, zinc oxide and 
coal ash. To facilitate the separation of drorts from the 
molten zinc, it is customary to add a small amount of 
ammonium chloride. After removal from the melting 
furnace the dross, whilst still hot, is treated with more 
ammonium chloride, and most of the metallic zinc is 
liquidated or sweated'’ awray from the oxide. Finally, 
after the remaining metal in the dross has solidified, the 
dross at Itisdon is given a light grind, is screened, and the 
oversize ])articles, which are mainly metallic zinc, are re- 
turned to the melting furnace. This final dross treatment 
stage yields 1 ton of metallic zinc per day. 

The ammonium chloride used at Jtisdon totals 21bs./ton 
of cathode zinc melted. 

The melting efficiency, which is the yield of zinc in ingot 
form expressed as a percentage of the cathodes melted, has 
now rea^'hed 96.6% at Risdon. 
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Treatment of Residues. 

Some of the residues obtained during leaching and purifi- 
cation contain valuable products. Such residues are: — 

(1) The leach residues, which retain most of the lead, 
silver and some of the zinc originally in the roasted 
zinc concentrates. 

(2) The precipitate obtained by treating the sohilion 
with zinc dust. This precipitate contains most of 
the copper and cadmium dissolved during leaching. 

(3) The cobalt nitroso beta naphthol precipitate obtained 
by treatment of that portion of the solution from 
Avliich cobalt is removed. It is contaminated with 
zinc sulphate. 

Leach Residues. 

Various methods have been proposed for recovering zinc 
Ironi the zinc ferrite in the leach plant residues. Amongst 
these are : — 

(a) Prolonged leaching with hot 10% sulphuric acid. 

(b) Treatment with concentrated sulpimric acid and 
roasting. 

(c) Modification of (b) in which roaster gases contain- 
ing sulphur dioxide are substituted for sulphuric 
acid, and 

(d) Reduction of the ferrite with carbon at a high tem- 
perature, and volatilisation of the zinc. 

During the leaching with sulphuric acid (Method (a) )*, 
the ferrite is decomposed with the formation of zinc sul- 
phate and ferric sulphate, w’hich dissolve. Zinc oxide 
(as calcines), is added to the solution, and the iron is 
precipitated as basic sulphate, which is difficult to filter 
and wash, and contains much adsorbed zinc sulphate. 
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Method (b; is based on the fact that the decompositioa 
temperature of iron sulphate is lower than that of zinc 
suphate. In practice acid equivalent to the zinc contained 
in the ferrite is mixed with the residues, and approximately 
40% of the ferrite is decomposed, forming sulphates of 
iron and zinc. The mixture is heated to a temperature 
between 6^0° and 700°(!J when the iron sulphate decom- 
poses into ferric oxide, and a mixture of sulphur dioxide 
and trioxide which attacks further ferrite. This cycle 
is rep(*ated until the whoJe of the ferrite is converted to 
zinc ‘^iilpliate and ferric oxide. The zinc sulphate is dis- 
solved and the solution is added to the main circuit. 

Til metliod (c), the hot gases containing sulphur dioxide 
produced during the roasting of zinc concentrates are 
passed througli the residue maintained at 650-700°C. The 
end products are mucli the same as those obtained when 
roasting with sulphuric acid. 

In botli inetliods (b) and (c), zinc is introduced into the 
circuit as sulphate, and either the sulphate concentration 
or tile volume of the solution increases, unless sulphuric 
acid in some form or other is discarded from the circuit. 

Residues are being leached with sulphuric acid at one 
plant, and are roasted with acid at another. The fourth 
method has been proposed from time to time, but as far 
as the author knows, has not been used commercially for 
the treatment of leach plant residues. A modification of 
the process based on roasting the residue with sulphuric 
acid, has been developed for the treatment of Risdon resi- 
dues, but whether it is used or not will depend largely on 
the future price of zinc. 

Coppcr’Cadmium Residues, 

The *‘zine dust^’ precipitate contains copper and cad- 
mium, zinc and some silver, and is usually treated for re- 
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covery of cadmium metal, zinc sulphate solution which 
is returned to the zinc plant circuit, and a concentrated 
copper residue containing silver. 

The ‘‘zinc dust” precipitate produced at llisdon con- 
tains : — 

Cadmium 

Copper 8-10% 

Zinc 28-32^^ 

Silver 20-50 ozs. 

The precipitate is leached in zinc ])lant electrolyte under 
conditions whereby most of the zinc and cadmium dissolve 
together with a small amount of copper. Most of the 
copper and silver remain in the residue which is filtered, 
washed, dried and sold. 

The resultant solution is agitated with a controlled 
amount of zinc dust to precipitate cadmium and copper. 
After separating the solids, the solution is returned to the 
zinc plant circuit. The precipitate is partly oxidised by 
drying, and is leached with cadmium plant spent electro- 
lyte. The resulting cadmium sulphate solution is jiurified 
and electrolysed. The cadmium cathodes arc melted under 
a flux. 

The Risdon production of cadmium is 200 tons per 
annum. 

Cobalt Precipitate, 

Cobalt-nitroso beta naphtholate has certain desirable 
properties as a paint pigment and it is likely that its use 
for this purpose will become established within the near 
future. 

General. 

Th^ industry owes must to research, which in its widest 
sense relates to electrical, mechanical and chemical en- 
gineering, in addition to pure chemistry and physics. In 
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this connection, it is perhaps not generally appreciated 
how diflScult it sometimes is to interpret the information 
obtained from laboratory experiments and to use it to im- 
prove an industrial process. The first stage in the develop- 
ment of a modification of process frequently involves a large 
number of experiments in the Work’s laboratory, using 
Work's solution; next comes the development of the tech- 
nique for maintaining in the plant the optimum condi- 
tions determined in the laboratory. An economic study 
of the laboratory results is then necessary, and in many 
cases, plant has to be ])rovided, or else the existing plant 
modified. 

The evolution of a process modification from laboratory 
results is frequently tedious and is a responsible duty* 
This is particularly true when an alteration of solution 
composition is under consideration. If done thoroughly, 
it is undoubtedly an essential part of the research, and 
without it technical progress would be impossible. 

Brief reference has already been made to specific changes 
in practice developed from research work. The improve- 
ment in the Kisdon results during the past five years, as 
shown by various key figures, illustrates the general bene- 
fits derived from research work, and from the very rigid 
control of plant operations to conform with the optimum 
found during such research work. 


The figures for the year ended June, 1926, are compared 
below with those realised during the year ended June, 


1931 


Year ended Year ended 
June, 1926. June, 1931. 


1. Current Efficiency 88.8% 91.6% 

2. Yield of Zinc/H.P. Day D.C. in lbs. 10.96 12.23 

3. Zinc Dust used for precipitation of 

Copper and Cadmium in Ibs./ton 

cathode zinc 42 19 

4. Melting Efficiency 94.1 , 96.6% 
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The author desires to emphasize here, that in the pro- 
duction of electrolytic zinc, and to a greater extent, per- 
haps, than in the production of any other metal, extra- 
ordinarily close control is essential for high efficiency. The 
process is continuous and operates through every hour of 
every day in the year. When one realises that small 
variations in the composition of the electrolyte can produce 
widely dilfereiit results, it is evident that the maintenance 
of high efficiency calls for the closest attention on the part 
of metallurgists, chemists and operatives generally. 

There is still a lot of work to be done before there is a 
complete understanding of all the reactions which occur 
during the conversion of zinc sulphide to electrolytic zinc. 
This is particularly true of the reactions occurring in the 
cell, and it would be useful to have precise information on 
the four following matters: — 

(1) The reason for the observed effects of toxic im- 
purities ; 

(2) The manner in which glue and other addition agents 
restrain the toxicity of cobalt and similar impurities ; 

(3) The anode reactions, with particular reference to 
the effect thereon of impurities introduced in the 
cell feed, and, 

(4) The reason why impurities — ^and antimony in par- 
ticular — ^modify the structure of the deposited zinc. 

All these matters have had attention at the various electro- 
lytic zinc plants and in university laboratories — ^in many 
cases by the various zinc companies^ own staffs working 
there. These reactions are still, however, somewhat im- 
perfectly understood, and there is need for further work. 
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Explanation of Plate. 

Fig. 6. — Cathode zinc after 19 hours deposition from electro- 
lyte containing 70 mgs. cobalt/litre, (a) without glue, (b) with 
glue. (See Page M34.) Xl/6. 

Fig. 7. — Cathode zinc showing effect of antimony in electro- 
lyte (a) Nil Sb, (b) 0.1 mgs. Sb/litre, (c) 0.3 mgs. Sb/litre, (d) 
0.6 mgs. Sb/litre. (See Page M37.) XJ. 

Pig. 8. — (a) Cathode zinc produced from solution free from 
cobalt and antimony but containing 5 mgs. arsenic/litre, (b) 
Cathode zinc produced from solution containing 70 mgs. cobalt 
And 1 mg. arsenic/litre. (See Page M38 ) Xi. 
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